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The present invention relates to eeliuiass variants,, 
s i.e. endo-6-2., 4~glueanase variants, derived from a parental 
celluiase, i.e. endo~3~l , 4-giucanase, by substitution, 
insertion and /or deletion, which variant has a catalytic core 
domain, in which the variant at position 5 holds an alanine 
residue (h) > a serine residue {$) , or a threonine residue (T> ; 
10 at position 3 holds a phenylalanine residue { F) f or a tyrosine 
residue {¥) ; at position 9 holds a phenylalanine residue { F } t a 
tryptophan residue (V?) t or a tyrosine residue (V) ; at position 
10 holds an aspartie acid residue (D) ; and at position 121 
holds an aspartie acid residue { D } - 

is 

Celiuiases or cellule lytic enzymes are enzymes involved 
in hydroiyses of cellulose. In the hydrolysis of native cellu- 
lose, it is known that there are three major types of cellulase 

m mzymm involved, namely ceXlofeiohydroiase {l, 4~j>~D~«lucan 
cellofoiohydrolase, EC 3.2.1.93.), endo-p»l, 4-glucanase (endo- 
1, 4~p~D~gluean 4~glucanohydroIase f EC 3.2.1,4} and p»qlueosida~ 
se (EC 3.2 1 1.21) . 

Especially the endo-fl-l, 4-~glucanases (EC Ko. 3,2.1.4} 

2S constitute an interesting group of hydrolases for the mentioned 
industrial uses. Endog 1 ucanases catalyses -ends hydrolysis of 
1 , 4-;'l-D-g lycos idle linkages in cellulose, cellulose derivatives;; 
(such as carbojey methyl cellulose and hydroxy ethyl cellulose},, 
liehenin, p-1, 4 bonds in .mixed $~l , 3 glucans such as cereal p-D~ 

30 glncans or xyioglucans and other plant material containing cei~ 
iuiosio parts. The authorized naise is endo-i , 4-p -D-giucan 4- 
glucano hydrolase, but the abbreviated tens endog iucanass is 
used in the present specif i cation. Reference can be made to T.-- 
M. Bnveri, "Microbial Celiuiases* in W,M. Fogarty, Microbial 

IS Ensymes and Biotechnology.. Applied Science Publishers,, p. 183- 
224 (1983); Methods in Enzyssology, {1983} Vol. ISO,, p, 200-391 
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(edited by Wood, W.A. and Kellogg, an?,)? B§goin, p. , ♦♦Molecu- 
lar Biology of Cellulose Degradation** f Annu. Rev, Microbiol . 
(1990), Vol, 44, pp. 219-248; Beguin, P> sndAubart, J-P. ; "The 
biological degradation of cellulose" f FEMS Microbiology Reviews 
s 13 (1994) p. 25-58; Kenrissat, B , > "Ceiiulases and their inter- 
action with cellulose*, Cellulose (1994), Vol. I, pp. 189-196. 

Celloiases are synthesized by a large number of microor- 
ganisms which include fungi , actinomycef.es, myxobacteria and 
true bacteria but also by plants. Especially endoglueanases of 
10 a vide variety of specificities have been identified 

A very important industrial use of cellulolytic enzymes 
is the use for treatment of cellules.; o textile or fabric, e.g. 
as ingredients in detergent compos it ions or fabric softener 
compositions,, for bio-polishing of new fabric (garment fin- 
is ishing) , and for obtaining a "stone -washed" look of cellulose- 
containing fabric, especially denim, and several methods for 
such treatment have been suggested,, e.g. in GB-A-l 368 599, BP- 
A-0 30? 564 and BP-A-Q 435 878, WO 91/17243, NO 91/10732.. WO 
91/17244, FCT/DK&5/O00109 and PCT/DK9S/ 00132 , Another important 
20 industrial use of cellulolytic ansymes is the use for treatment 
of paper pulp, e.g. for improving the drainage or for de inking 
of recycled paper* 

It is also known that, eeiluiasee may or may not have a 
cellulose binding domain (a CBD) , The CBD enhances the binding 
25 of the ensyise to a cellulose-containing fiber and increases the 
efficacy of the catalytic active part of the enzyme 

Fungi and bacteria produces a spectrum of cellulolytic 
ensrymes (cello lasses) which , on the basis of seguence 
similarities (hydrophobic cluster analysis) , can be classified 
30 into different families of glyccsyl hydrolases (Kenrissat B & 
Bairoch A ; Bioohec, J, 1993 233 781-788} . At present are known 
celluloses belonging to the families 5, 6 „ 7, 8 , 9 f 1Q S 12 , 26, 
44, 45, 48, 60, and 61 of glycosyi hydrolases. 

Industrially we! 1 -performing end o-B- I . 4 -glucanases are 
35 described in e.g. WO 31/17241, W0 91/17244 and m 91/10732, and 
specific eeiiuiase variants are described in WO 94/07998. 



It is an object of the present invention to provide 
novel variants of cellulolytic ensymes, which variants, when 
compared to the parental ensyme, show improved performance, 

SuMM2U» OF TEE IFVS^TXC^ 

in a cellulolytic enzyme useful in industrial proc- 
esses, i,e, an endo—l . , 4~giucanase, a number of amino acid 
residue positions important for the properties of the ensyme 
and thereby for the performance thereof in these processes has 
been identified, 

Accordingly, in a first aspect the present invention 
provides a method for improving the properties of a 
cellulolytic enryme by amino acid substitution, deletion or 
insertion, the method comprising the steps oft 

a. constructing a multiple alignment of at least two amino acid 
sequences Known to have three-dimensional structures similar to 
endoglueanase V { EG V } from Humicola insolens known from Protein 
Data Bank entry 4 ENS; 

fe. constructing a homology-buiXt three-diaensiona 1 structure of 
the cellulolytic enayae based on the structure of the SCV; 
«*> Mehtifying amino acid residue positions present in a 
distance from the substrate, binding cleft of not more than 5A; 

d. identifying surface-exposed amino acid residues of the 
enayme; 

e. identifying all charged or potentially charged amino acid 
residue positions of the mtzymz 

t\ choosing one or more positions wherein the amino acid 
residue is to be substituted, deleted or where an insertion is 
to be provided; 

g, carrying out the sahstition, deletion or insertion hy using 
conventional protein engineering techniques. 

By using the method of the invention., it is now possi- 
ble effectively to transfer desirable properties from one eel- 
luiase to another by protein engineering methods which are 
knoxn per se, 

More particular the invention provides oellulase vari- 
ants improved with respect to altered {increased or decreased) 
catalytic activity; and/or altered sensitivity to anionic ten- 



sides; and/or altered pB optimum and ph profile activity-wise 
as well as stability-vise. 

Accordingly, in a further aspect, the invention 
provides a celiulase variant derived iron a parental csilulusa 
5 by substitution, insertion and/ or deletion, which variant has a 
catalytic core dossain, in which the variant 

at position 5 holds an alanine residue (A) , a serine residue 
(S- ... or a threonine residue (T) ; 

at position 8 holds a phenylalanine residue (F) » or a tyrosine 
10 residue (¥) ; 

at position 9 holds a phenylalanine residue { F) , a tryptophan 
residue (W) > or a tyrosine residue (¥) } 
at position 10 holds an asps r tic acid residue ■ 0 ■ ; and 
at position 121 holds an aspartio acid residue (D) {celiulase 
is numbering) . 




Thm present invention provides new celiulase variants 
derived from a parental eel lula.se by substitution, insertion 
and/ or deletion. A ceilnlase variant of this invention is a 

30 celiulase variant or mutated celiulase, having an amino acid 
sequence not found in nature, The celiulase variants of the in- 
vention show improved performance, in particular with respect 
to increased catalytic activity; and/or altered sensitivity to 
anionic tens ides; and/or altered pH optimum; and /or altered 

2 B thermostabil ity , 

Formally the celiulase variant or mutated celiulase of 
this invention may be regarded a functional derivative of a pa- 
rental celiulase (i.e. the native or wi Id™ type enssywe) , and oay 
toe obtained by alteration of a fMh nucleotide sequence of the 

30 parental gene or its derivatives, encoding the parental enzyme, 
'the celiulase variant or nutated celiulase Bay be expressed and 
produced when the DMA nucleotide sequence encoding the celiu- 
lase variant is inserted into a suitable vector in a suitable 
host organism. 'The host organism is not necessarily identical 

35 to the organism from which the parental gene originated. 



WO §3/1258'? 



In ttoe literature, «»zy»» variants have also been 
referred to as mutants or muteine* 



As*i»» &cid® 

in the context of this invention the following symbols 
and abbreviations for amino acids and amino acid residues are 
used : 









Alan ine 


2 






Cysteine 




Asp 




Aspartic acid 


as 


Gin 




Glutamic acid 




Pts 




Fh e ny 1 a 1 a r. i n e 




GIv 




Glycine 




His 




H i st .id i ne 




He 




I soleueine 




Lys 




Lysine 




Leu 




Leucine 




Met 




Methionine 




Asn 




Asparagins 




Fro 




Proline 








GlufcawiiMs 




Arg 




Arginine 




Ser 




Serine 




Thr 




Threonine 




Val 




Valine 




Trp 




Tryptophan 




Tyr 




Tyrosine 




ASSC 




Asp or Asn 




six 




Gltt or Gin 




X&a 




Any asnino acid 



Deletion or absent aisino acid 



e*aHtii&s«s M*nsfe«ring 

3S In tbr - context of this invention a specific numbering 

of amino acid residue positions in celluiolytic enzymes is 
employed , By aligning the asdno acid sequences of known 
ceiiulases, as in Table i toe low, it is possible to 
unambiguously allot an amino acid position number to any amino 

40 acid residue in any celluiolytic en-yjne, if its amino acid 
sequence is known* 

In Table l f below,, ii selected amino acid sequences of 
eellulases of different microbial origin are aligned. These are 
(a) mimical* insolms; (h) Acr&monium sp. ; Co) Volut&lXM 

48 coll octotri choi des; (d) Sordari* fimicolm; (*} Thielavis 
terrtzstris} (f) Fusmrium oxyspamm; (g) Myceliophthora 
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thermophii&t (h) Crinip®llis saab&lla; (i) Maarophomina 
phas&olina} {j} PBssudomorms fluorescent; £k) Ustilago maydis, 
•The ce.Uulasss (a - 1} are describe in WO 96/29397, (j) is 
described in GeneBanfc tinder the accession number G4S498 f and 
s (k) is described in GeneBanfc under the accession number S81598 
and in Biol, Chens. Boppe-Seyler 1995 376 (10) 617-625. 

Using the numbering syst.e;- originating from toe amino 
acid sequence of the eelluiase (endo-8-1 , 4~qiucanase) obtained 
frora the strain of Hum! col a insoiens DSH 1800, disclosed in 
10 e.g. WO 91/27243, which sequence is shown in the first column 
of Table 1,. aligned with the amino acid sequence of a number of 
other ceilulases, it is possible to indicate the position of an 
amino acid residue in a eellulolytie enzyme unambiguously. 

In describing the various eelluiase variants produced 
IS or contemplated according to the invention f the following 
nomenclatures are adapted tor ease of reference: 

[Original amino acid; Position; Substituted amino acid) 
Accordingly, the substitution of: glutamine with 
histidine in position 1X9 is designated as QX29B< 
M: Amino acid residues which represent insertions in 

relation to the amino acid sequence of the eelluiase from 
Humicola insoiens, are numbered by the addition of letters in 
alphabetical order to the preceding eelluiase number, such as 
«ug. position *2laV for the *» inserted" valine (V) , where no 
as amino acid residue is present, between lysine at position 21 
and alanine at position 22 of the amino acid sequence of the 
eelluiase from Humicola insoiens, of. Table 1* 

Deletion of a proline (?) at position 49 in the amino 
acid sequence of the eelluiase from Humicola insoiens is 
30 indicated as P49*. 

Multiple mutations are separated by slash marks (»/"}« 
e.g< 0IX9H/Q146E, representing asu tat ions in positions 1X9 and 
146 substituting gluts as. no (Q) with histidine (H) , and 
qlutamine (Q) acid with arginine {R) respectively ,. 
3S if a substitution is snade by mutation in e.g. a 

eelluiase derived from a strain of Humicola insoiens, the 
product is designated e.g. *Hu3sicola insoiens/ *4 



All positions referred to in this application toy 
eeliuiase numbering refer to the csiiulase numbers described 
above, and are determined relative to the amino acid sequence 
of the eellulase derived from Kuadeoia insolens, of. Table I, 
s (a) . 

fabl® 1 

Asaiso &eid Segae&ee AlignsMa&tj 

CeXiulase Numbering of Selected Ceilnlaees of Different 
10 Microbial Origin 

(a) Humicola insolens; (b) Acremoniutr, sp . ; (c) Volutella 
coll&ctotx-i cbox des ; (d) Sordaria fimicola; {ni Thielavia 
tei~r&stri$ ; (f) .Fnsariuffi ©*ysporu«; (g) tfyeeiiopAthora 
is therssophila; (h) CriJjipalli* scholia? (i; Macxrophomin* 

phztsealim ; (j) Ps a, -niojson as fluoresces; (k) D'stilago maydis. 
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* Atnino acid residue absent in this position 

Tfc« «»sysw C«afe-P-I f 4>»glw&m&®«) variants of tfc» i»v«ntioa 
The present invention relates to cellulase variants, 
5 Mors specifically the present invention provides cellulase 
variant derived from a parejsfeaX eeilulase by substitution, 
insertion and/ or deletion, whieh variant has a catalytic core 
domain, in which the variant: 
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~ at position 5 holds an alanine residue (A) , a serine residue 
CS) ; or a threonine residue (T) ; 

- at position 8 holds a phenyl alanine residue {F} , or a 
tyrosine residue £¥} ;< 

s - at position 9 holds a phenylalanine residue { F) , a tryptophan 
residue (W) , or a tyrosine residue (V; ; 

~~ at. position 10 holds an a spar tic acid residue (D) ; and 

- at position 121 holds an aapartic acid residue (D) (ceilulase 
numbering) * 

xo The endogiucanase of the invention may comprise a 

cellulose binding domain (CBD) existing as an integral part of 
the ensyme, or a CSD frost another origin may be introduced into 
the endogiucanase thus creating an enzyme hybrids* In this 
context,, the tens "cellulose-binding domain'* is intended to foe 
is understood as defined by Peter Tom &t ai, "Cellulose-Binding 
Domains; Classification and Properties" in "Enayaatlc 
Degradation of Insoluble Carbohydrates" , John K. Saddler and 
Michael H« Penner (Eds.) f ACS Symposium Series, ho. 618 , 1996. 
This definition classifies more than ISO cellulose-binding 
20 domains into 10 families <X~X) , and demonstrates that CBDs are 
found in various ensymes such as cellulases, xylanase*, 
mannanases, arabinof uranosidases f acetyl esterases and 
chitinases. CBDs have also been found in algae, e.g. the red 
alga Porphyr* purpurea as a non-hydroiytic polysaccharide- 
2S hinding protein, see Tomme et al- , op. ait. However, most of the 
CBDs are from cellulases and xylanases, CBDs are found at the N 
and C termini of proteins or are internal* Enzyme hybrids are 
known in the art, see e.g. WO 90/00609 and wo 9 5 /is 782, and may 
he prepared by transforming into a host ceil a DMA construct 
•30 comprising at least a fragment of DBA encoding the cellulose- 
binding domain ligated, with or without a linker, to a mh 
sequence encoding the endogiucanase and growing the host ceil 
to express the fused gene, 

Bnsyme hybrids may be described by the following 

3S formula i 

CSD - MR - X or X-MR-CBB 
wherein CBD is the B-terminai or the c-terminal. region 
of an amino acid sequence corresponding to at least the 
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cellulose -binding domain; MR is the middle region (the linker), 
and may be a bond, or a short linking group preferably of frost 
about 2 to about 100 carbon atoms, more preferably of from 2 to 
40 carbon atoss; or is preferably from about 2 to about: 100 
amino acids, sore preferably « from 2 to 40 amino acids; and X 
is an ^-terminal or Otertainai region of the enzyxae according 
to the invention, 

The method of the i^eati©» 

In another ,sspe.ot, the present invention relates; to a 
method for improving the properties of a eellulolytic enzysae by 
amino acid substitution, deletion or insertion, the method 
comprising the steps of; 

a, constructing a multiple alignment of at least two amino acid 
sequences known to have three-dimensional structures similar to 
endoglueanase v { EGV) from Humieoia insoiens known from Protein 
Data Bank entry 4ENG? 

b, constructing a homology-built three-dimensional structure of 
the eellulolytic enzyme based on the structure of the EGV? 

««• identifying amino acid residue positions present in a 
distance from the substrate binding cieft of not more than 5k; 
<5. identifying sort ace --exposed amino acid residues of the 

®mm® } 

e. identifying all charged or potentially charged amino acid 
residue positions of the ensyme; 

f v choosing one or more positions wherein the amino acid 
residue is to be substituted, deleted or where an insertion is 
to foe provided; 

9- carrying out the substition, deletion or insertion by using 
conventional protein engineering techniques. 

Step £. of the method is preferably carried out by 
choosing positions which, as a result of the alignment of step 
a,, carry the same amino acid residue in a majority of the 
aligned sequences; sore preferably in at least 63% of the 
aligned sequences; even more preferably positions which, in the 
aligned sequences, carries different amino acid residues, of. 
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In a preferred embodiment , the specific activity of the 
ceilulase can be ix»prov«d, preferably by carrying out a 
substation, deletion or insertion at amino acid residue 
positions present in a distance from the substrate binding 
cleft of not more than sA, more preferably not more than 
even more preferably not more than It is believed that 

residues present in a distance of not snore than 2.5k are 
capable ©f being in direct contact with the substrate. 

In another preferred embodiment, the pB activity 
profile, the pH activity optimum, the pK stability profile., or 
the pK stability optimum of the eelintase can be altered, 
preferably by carrying out a substation, delation or insertion 
at amino acid residue positions present either in a distance 
from the substrate binding cleft of not more than sk, more 
preferably not more, than 3.1 , even more, preferably not more than 
2.sA; or at surface-exposed amino acid residue positions of the 
enzyme, thereby altering the electrostatic environment either 
locally or globally. It is preferred to perform a substitution 
involving a charged or potentially charged residue, this 
residue either being the original residue or the replacement 
residue. In the present context, charged or potentially charged 
residues are meant to include; Arg, Lys, His, Cys (if not part 
of a disulfide bridge}, Tyr, Glu, Asp, 

In yet another preferred embodiment, the stability of 
the eellulase in the presence of an anionic tenside or anionic 
detergent component can be altered, preferably by carrying out 
a sufostition, deletion or insertion at surface -exposed amino 
acid residue positions of the ensyme, thereby altering the 
electrostatic environment either locally or globally. It is 
preferred to perform a substitution involving a charged or 
potentially charged residue, this residue either being the 
original residue or the replacement residue. In the present 
context,, charged or potentially charged residues are meant, to 
include; Arg, Lys, His, Cys (if not part of a disulfide 
bridge), Tyr, Glu, Asp, Mutations towards a more negatively 
charged aa residue result In improved stability of the 
celluiase in the presence of an anionic tenside, whereas 
mutations towards a more positively charged aa residue 
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decreases the stability &t the callulass towards anionic 
tensides. 

Further, celluias® variants comprising any combination 
of two or more of the amino acid substitutions, deletions or 
insertions disclosed herein are also within the scope of the 
present invention, c£. the exemplified variants. 

Multiple Sequence Alignawat of c«Uulatt«* 

The multiple sequence alignment is performed using the 
Pileup algorithm as implemented in the Wisconsin sequence 
S Analysis Package version 8 . l-ONXX (SCG, Genetics Computer 
Group, Inc. ) < The method used is similar to the method 
described by Higgens and Sharp (CARS ICS 1989 5 151-153} , A gap 
creation penalty of 3,0 and a qap extension pens Icy of 0.1 is 
used togethi tn orimj latrix ss d« eribed i hycj |sM 

10 1986 14 (16) 6745-6763 (Dayhoff table (Schwartz, R. U. and 

Dayhoff > M. 0.; Atlas of Protein Sequence and Structure 
(Dayhoff, M. 0. Ed.}; National Biomedical Research Foundation, 
Washington D.C. l»7* 353-35S} repealed by dividing each value 
hy; tfei «un of its row and column, and normalizing to a ae» of 

is 0 and standard deviation of 1.0, The value for FY (Phe-Tyr) » 
WS 1, 4.25 . Perfect matches are set to a. 5 and no matches on 
any row are better than perfect matches) > 

Pa c; :C I , s ' s " - ? -J ! \M ' 

20 A pair-wise sequence alignment is performed using the 

algorithm described by Needleman & Wunsoh (J. ; ...noX^Mi^X^. 1970 
48 443-453} , as implemented in the GAP routine in the Wisconsin 
Sequence Analysis Package {GCGjt * The parameters used for the 
GAP routine are the same as mentioned for the Pileup routine 

25 earlier < 

Pair-vise Sequence Af ignmsnt ...of CelluAases^it n,, Fg r c^,,,,£a ir iim 

A pair-wise sequence alignment With forced pairing of 
residues is performed using the algorithm described by 

30 Heedleisan & Wunsoh SifiJL. 19"? 0 443-453}, as 

implemented in the GAP routine in the Wisconsin Sequence 
Analysis Package (GCG) . The parameters used for the SAP routine 
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are the same as mentioned for the Pilenp routine earlier, where 
me scoring matrix is modified to incorporate a residue named X 
which symbol ire the residues to be paired. The diagonal value 
for X paired with X is set to 9.0 and all off diagonal values 
5 involving X is set to 0, 



Based on the X-ray structure of the core domain of the 
so mimical a inso.lene EG v endog lucanase inactive variant (DION) in 
complex kith oeliohex :$-.?«{•• (Da vies st-aL; BiocfoeaisjEgy 1995 34 
16210-12220,. PDB entry 4ENG) a model of the structure of the 
native Humicola insole ns EGV endoglucanase core domain in 
complex with eelXoheptaose is build using the following steps: 
15 1. Using the Biopolymer module of the Insight II 95.0 {Insight 
XI 95,0 User Guide, October 1996, San Diego c Biosyta/K$X , 
1995) replace NIG with a aspartic acid, 

2, Make a copy of the sugar unit occupying subs its ~3 by 
copying all the molecule and delete the extra atoms. Manually 

so move the new sugar unit to best fit the unoccupied -1 binding 
site. Create the bonds to bind the new sugar unit to the two 
existing callotriose units, 

3. Delete overlapping crystal water molecules. These are: 
identified toy using the Subset Interface By Atom 3.5 command, 

as 4. Build hydrogens at a pH of 8.0 and applying charged 
terminals 

5, Protonate 0121 using the Residue Replace <D121 residue warns > 
ASP L command, 

0. Apply the CVFF force field template through the command 
30 Potentials Fix, 

7. Fix all atoms except, the new sugar unit. 

3. Relax the atomic position o£ the new sugar unit using 3 00 
cycles of sisple energy minimization followed by 5000 steps 
of It's simple molecular dynamics ending by 300 cycles of 
35 simple energy minimisation all using the molecular mechanics 
program Discover 95,0/3.0,1 (Discover 95.0/3,0,0 User Guide, 
October 1995, San Diego? Biosym/MSI,. 1995,}, 
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Hcjtg lem £j ; UsU ng....ti....i« I I m < a sea 

The construction of a structural model of a oe.llu.lase 
with known amino acid sequence based on a known X-ray structure 
of the Huniicola insolvns EGV celluiase consists of the 
5 following steps t 

I » Define the approximate extend of the core region of the 
structure to be modeled and the alignment of the cysteine 
based on multiple sequence alignment between many known 
i cdu s t i a } I y usef u I ce 1 .1 u 1 a se see ue noes « 
10 2, Fair-wise sequence alignment between the new sequence and 
the sequence, of the known X-ray structure. 

3, Define Structurally Conserved Regions (SCRs) based on the 

ignmervt . 

4, Assign coordinates for the model structure within the SCRs. 
is 5, Find structures for the loops or Variable Regions (VPs) 

between the SCRs by a search in a loop structure database. 
6, Assign coordinates for the VRs in the model structure from 

the database search result, 
?, Create disulfide bonds and set protons t. ion state. 
26 S, Baf ins the build structure using molecular mechanics* 

The known X-ray structure of the Humicola insol&ns EGV 
celluiase will in the following be tarred the reference 
structure. The structure to be modeled will foe termed the modal 
structure* 

25 Ad 1; The. approximate extent of the core part of the 

enayme is determined by a multiple sequence alignment including 
many known eel .iulase sequences. Since the reference structure 
only contain atomic coordinates for the core part of the enzyme 
only the residues in the sequence to be modeled which align 

3D with the core part of the reference structure can be included 
in the model building. This alignment also determines the 
alignment of the cysteine, The multiple sequence alignment is 
performed using the Pileup algorithm as described earlier.. 

M 2 'i A pair-wise sequence alignment is performed as 

3K described earlier. If the cysteine in the conserved disulfide 
bridges end/or the active site residues (DIG and 0131} does not 
align,, a pair-wise sequence alignment using forced pairing of 
the cysteines in the conserwd disulfide bridges and /or the 
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active site residues is performed as described earlier. The 
main purpose of the sequence alignment is to define SCRss (nee 
later) to be used for a -node I structure generation. 

Ad 3; Based on the sequence alignment: Structurally 
s Conserved Regions (SCRs) are defined as continuous regions of 
overlapping sequence with no insertions or deletions. 

Ad 4: Using the computer program Homology 95,0 
(Homology User Guide, October 1995. San Diego : Biosy»/KSI, 
1995.) atomic coordinates in the model structure can be 
10 generated from the atomic coordinates of the reference 
structure using the command AssignCoords Sequences, 

Ad 5; Using the computer program Homology 95.0 possible 
conformations for the remaining regions, named Variable Regions 
{VRs} are found toy a search in the loop structure database 
is included in Homology 95,0, This procedure is performed tor each 
VR, 

M St if. the V'R length is smaller than six residues 
the first loop structure irs the database search result is 
selected for coordinate generation.. In cases where longer loops 

20 are generated the first solution in the list which doss not 
have severe atomic overlap are selected. The degree of atomic 
overlap can toe analyzed using the Bump Monitor Add Intra 
command in the computer program Insight II 95,9 (Insight n 
95,0 User Guide, October 1995, San Diego t Siosym/MSI, 1995,} a 

2s parameter of 0.25 for the Sump command will show the severe 
overlap. I £ more than ten bumps exists between the inserted 
loop region and the remaining part of the protein the next 
solution is tested. If no solution is found with these 
parameters, the solution with the fewest bumps is selected. The 

30 coordinates for the up regions are generated using the command 
AssignCoords Loops in the program Homology 95.0. 

Ad ?t The disulfide bonds are created using the Bond 
Create command in the Biopolymer module of Insight II 93,0 and 
the protonation state is set to mutch pH 8 . 0 with charged caps 

35 using the Hydrogens command. Finally the active proton donor 
(the residue equivalent to D121 in the reference structure) is 
protonated using the residue replace <D121 residue name> ASP h 
command. To finalise the data of the model the appropriate 
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force* isid template, is applied using the CVFF fcrcefield 
through the command Potentials fix. 

Ad St Finally the modeled structure is subjected to 500 
cycles energy summation using the -molecular mechanics 
5 program Discover 95.0/3.0.1 {Discover 95.0/3,0.0 User Guide, 
October 1095. San Diego: Siosyai/MSX, 1095,} , The output from 
the above described procedure is atomic coordinates describing 
a structural model for the core domain of a new ceilulase based 
on sequence homology to the Humicola insolens EGV ceilulase, 

10 

SUES! < Li.se ^tj^rtures 

To overlay two ceilulase structures a superposition of 
the structures are performed using the Structure Alignment 
command of the Homology 95.0 (Homology User Guide, October 
IS 1995. San Diego: Biosym/MSI , 1395.}. All parameters for the 
command are chosen as the default values, 

Determination s.£.J ^^ 

In order to determine the amino acid residues within a 

20 specified distance from the substrate, a given ceilulase 
structure is superimposed on the cellulase. part of the model 
structure of the complex between Humicola iti$&l&ns EGV 
endoglucanase and eelioheptaose as described above. The 
residues within a specified distance of the substrate are then 

23 found using the Interface Subset command of the Insight II 95.0 
(Insight If 95.0 User Guide, October 1995. San Diego; 
Biosym/MSI, 1995} . The specified distance are supplied as 
parameter to the program. 

The results of this determination are presented in 

30 Tables 2 and 3 below. 



rjeterminati o,_ o f„„S,urf 3 § 

To determine the solvent accessibility the Access Jiurf 
command in Homology 95.0 (Homology User Guide., October 1995? 
San Diego j Biosym/MSX, 1095) was used. The program uses the 
definition proposed by Lee and Richards (Lee, B. & Richards, 
IVM. "The interpretation of protein structures? Estimation of 
static accessibility" , ^miJ&mh, 1971 55 379-400}, A solvent 
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probe radius of 1,4 A was used and only heavy atoms (i.e. non- 
hydrogen atoms) were included in the calculation. Residues with 
sere accessibility is defined as being buried, all other 
residues arc defined as being solvent exposed and on the 
S surface of the enryme structure, 

Transferring Level of Specif i© Activity between Csiluiasss 

In order to transfer the level cf catalytic activity 
between two eellulases, the following protocol is applied using 
10 the xaethods described above. This method win pinpoint amino 
acid residues responsible for the difference in specific 
activity, and one or »ore of those amino acid residues must, foe 
replaced in one sequence in order to transfer toe level of 
specific activity from the comparison cellulaset 

is 

1} Perform multiple sequence alignment of all known industiaiiy 
useful ceilulases {excluding the Triahoderma reesei 
celltAlases) . From this identify conserved disulfide bridges 
amongst the two involved sequences and the sequence of the; 
m Mmimla insolens EGV celiul&se are identified and the active 
site residues (DID end DX2X) are located; 

2} Perform pair-wise sequence alignment of each sequence with 
the Humicola insol&ns EGV eeilulase core domain (residues i~ 

25 201) ♦ If the cysteines in the conserved disulfide bridges does 
mot align at the same positions and/or if the two active site 
residues <DiO and 0X2 X) does not align at the same positions 
then use the pair-wise sequence alignment at ceiiuiases with 
forced pairing method. Include only residues in the sequences 

30 overlapping with the cere domain (residues 1-201} of the 
Mmnaolx insolens EGV eeilulase; 

3) Create a homology build structure of each sequence; 

3-s 4) Determination of residues within la from the substrate in 
each of the homology build structures . Differences between the 
sequences in these positions will most probably be the residues 
responsible for the difference in specific activity. In the 
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ease «hsrs residues in inserts are found in any of the 
sequences within the above mentioned distance, the complete 
insert can foe responsible for the difference in specific 
activity, and the complete insert suet be transferred to the 
5 sequence without the insert or the complete insert must he 
deleted in the sequence with the insert; 

5) if not all specific activity was restored by substitution of 
residues within sA of the substrate, determination of residues 

10 within §A Irons the substrate in each of the homology fool Id 
structures will reveal the most probable residues responsible 
for the regaining difference in specific activity, In the case 
where residues in inserts are found in any of the sequences 
within the above mentioned distance, the complete, insert can he 

is responsible for the difference in specific activity, and the 
complete insert must be transferred to the sequence without the 
insert; or the complete insert must be deleted in the sequence 
with the insert, 

so Urs&sferriag t&« Lml of stability toward nnionie Tttn8l6«« 
btwea €«lXulaa*a 

In order to transfer loved of stability towards anionic 
tensides between two ceiinlases, the following protocol is 
applied using the methods described above.. This method will 
2$ pinpoint amino acid residues responsible for the difference in 
level of stability towards anionic tensides, and one or more of 
those amino acid residues must foe replaced in one sequence in 
order to transfer the level of specific activity from the 
eompar i son eel lulase ; 
30 1} Perform multiple sequence alignment of all known induct iaily 
useful cello lases { excluding Trichoderma teasel eellulases) . 
Prom this identify conserved disulfide bridges amongst the 
two involved sequences and the sequence of the Rumicolot 
insolmis ESV eaiiuiase are identified and the active site 
3s residues (Dio and D121) are located; 

2) Perform pair-wise sequence alignment of each sequence with 
the mmicola in$ol®ns EGV eel lulase core domain {residues i~ 
201), If the cysteines in the conserved disulfide bridges 
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does not align at. the saw positions and/or if the two active 
site residues (D10 and D.121) does not align at the same 
positions then use the pair-wise sequence alignment of 
eelluiases with forced pairing method . Include only residues 
S in the sequences overlapping with the core domain (residues 
1-20.1) of the Btmicol® insolens EC1V eelluiass; 
3) Create a homology build structure of each sequence; 
4} Determination of residues located at the surface of the 
ensyise. This is done by calculation the surface 

10 accessibility. Residues with a surface accessibility greater 
than CoA 2 are exposed to the surface; 
5} Any residue exposed to the surface belonging to the 

following group of amino acids: D ,. E, H , K, R and C if not 
involved in disulfide bridge which differ between the two 

is sequences will most probably be responsible for the 

difference in level of stability towards anionic tens ides. In 
the ease where residues in inserts are found in any of the 
sequences within the above mentioned group of asdno acid 
types, the complete insert can be responsible for the 

20 difference in level of stability towards anionic tensides, 
and the complete insert must he transferred to the sequence 
without the insert or the complete insert must be deleted in 
the sequence with the insert. 

Disulfide Bridges 

Disulfide bridges (i.e. Cys~cys bridges) stabilize the 
structure of the enzyme. It is believed that a certain number 
of stabilizing disulfide bridges are necessary to maintain the 
a proper stability of the encyme. However,, it is also 
contemplated that disulfide bridges can be removed from the 
protein structure resulting in an snayme variant which is less 
stable, especially less thermostable., but which still has 
significant activity, 

Therefore, in another aspect, the invention provides a 
ceiiulase variant, which variant holds 4 or more of the 
following disulfide bridges; Clt«Ci3S; C12-C47; C16-C86? €31- 
CSS; and (ceiiulase numbering)* 

In a more specific embodiment the variant of the invention 
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holds 5 or mors of the following disulfide bridges; CX1-CI3S; 
C12-C47? C31-CS6; CS?~C199; C89~C!89; and CX56-C16? 

(cellulase numbering) . In its nost specific embodiment, the 
variant of the invention holds 6 or sore of the following 
disulfide bridges t C11-C135; £13»C4?; C16~C«6; C3I-C56; C«7~ 
CI 99; C89-C189; and C156-C16? {cellulase numbering) , 

In another embodiment the invention provides a 
cellulase variant in which cysteine has been replaced by 
another natural amino acid at one or iaore of the positions is, 
86, 8?, 89, 189, and/or 199 {celluiase numbering). 

Binding ci»ft substitutions 

In a further aspect, the invention provides a cellulase 
variant, derived from a parental celiulass by substitution, 
insertion and /or deletion at one or more asaino acid residues 
located in the substrate binding cleft. Mutations introduced at 
s positions close to the substrate affect the enzyme- substrates 
interactive bindings. 

An appropriate way of determining the residues 
interacting with a potential substrate in a structure is to 
partitionate the structure in "shells", The shells are defined 

10 asi 1st shell are residues directly interacting with the 

Substrate, i.e. closest inter atomic distance between substrate 
and residue both including hydrogen atoms are scalier than 2 . sk 
which will, include all direct interaction via hydrogen bonds 
and other non bonded interactions. The subsequent (2nd,. 3rd 

15 e.t.c.) shells are defined in the same way, as the residues 
with inter atomic distances smaller than 2.5& to the substrate 
or all previously determined shells. In this way the structure 
will be partitioned in shells. The routine "subset zone" in the 
program Insight II ss.o (Insight XI 95,0 User Guide, October 

20 1555, San Diego: Biosys/MSX, 1995.} can be used to determine 
the shells, 

in a preferred embodiment, the amino acid residue con- 
templated according to this invention is located in the sub- 
strate binding cleft at a distance of up to 5 1 from the sub- 
25 strata , 
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tihtrn subjecting the aligned oellulasss to the computer 
modeling method disclosed above, the following positions within 
a distance of up to SA from the substrate are revealed; 4, 5, 
6, 7, 8> 8, 10, 11, 13, 13, 14, IS, 16, IB, IB , 20, 21, 2la, 

S 42, 44, 45, 47, 48, 49, 49a, 49b, 74, 82, 95j , 110, 111, 112, 
113, 114, IIS, 116, 1X9, 121, 123, 127, 123, 123, 130, 131, 
132, 132a, 133, 145, 146, 147, 148, 149, 150b, 178, and/or 179 
{cellulase numbering) , cf . Table 2, 

Accordingly, in a more specific embodiment, the 

10 invention provides a cellulase variant which has been derived 
from a parental eellulase by substitution, insertion and/or 
deletion at one or more of these acid residues. In a particular 
embodiment, the eellulase variant is derived from one of the 
ceilulases identified in Table 2 {(a) Mumicola insol&ns ; (b) 

is Acr&monium sp. % (c) Volulella colMctotrichoxdes ; (d) Sordaria 
fimicola; ie) Thi&lavia t^mslris; (f) Pusariu® oxysporum; (g) 
MycBliophthora thermophila; (h) Crinipisllis scab&ll*} {i} 
Macrophomina phmeolinat (i) Psevdomonas tluor&scem) Ik) 
Vstilago maydis) , by substitution, insertion and/or deletion at 

20 one or more of the- positions identified in table 2 for these 
oa Hula see. 



fs&feie 2 

teino Aoi4 R««idw»s 1®&® tl»» » & trom th« Bwfestrat* 
Positions Identified by Cellulase Numbering 

25 

(a) n'ui)!iccla insolens; (h) Acrmonxmn sp.; (c) Volut&lla 
col lectz>trichoi.a&s ? (d) Sordaria fiMeoia; (e; iTUeiavja 
terrestris; (f ) Fusmriu® oxysporum; (g) .Mycelxopbthora 
th&rmophllai (h) Crinip&llis scahc.llar fij Maeroohosuna 
3D phaseolina; (j) Pseadoraas f lucres c*n$} <k> Ostilago maydis. 
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c c c c c c c e e c c 

KKKKKKKKKK X> 
P p P P P P P P P P A 



W W W W W W W 
A D D S P S F 
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44 V R K Q V R G 

45 S 5 S S S N S S S S 

47 C C C C C C C C C C 

48 E D D D N E D D O & S 

49 V 
49a 

49b & 

74 A A A A A A A A A A F 

EEEEEE E E E 
95j £ 

110 S N N S S N W » K » H 

111 T T T T T T T T * I V 

112 GGGGGGGGGGG 

113 S G G G G G G G G Y G 

114 DDODODDDDDD 

115 L L L t h h L L V V 

116 G 

119 K H H H Q H H H H Q H 

121 D D D 0 D D D D D D D 
123 0. 

127 a G € G G G G G G © 6 

128 '3 G G G G G G 0 G G G 

129 V L h V V V V V V V L 

130 G G G G G 6 G G G G G 

131 I X 1 L I j I L I A A 

132 F F F F F F F F F F F 
132a ? P 

133 » » 

14 S A D 

146 R E R Q Q Q R Q Q Q 0 

14? Y Y ¥ Y Y « Y Y ¥ Y Y 

14 8 G G G G G G G G G G G 

149 G G G G G 
ISOfe A 

178 ODDDDDODDOP 

179 N N N N N M H K N H V 



In another preferred ejabodi&snt, the amine acid residue 
contemplated according to this invention is located in the 
s substrate binding cleft at a distance of up to 3 A from the 
substrate. 



26 



&hen subjecting t.h-3 aligned celiuiases to the computer 
modeling method disclosed above, the following positions within 
a distance of op to 3 I from the substrate are revealed; 6, 7, 
8, m t 12 1 13., 14, IS, 18, 20, 21, 45, 48, ?4, 110, 1.1.1, 212, 
5 113, 114, IIS, 119, 121, 127, 128, I29>, 130, 131, 132, 132a, 
146, 147, 148, 150b, 178, and /or 179 (ceiiulase numbering), of. 
Table 3. 

Accordingly, in a more specific embodiment, the 
invention provides a ceiiulase variant which has been derived 

10 from a parental ceiiulase by substitution, insertion and /or 

deletion at one or more of these acid residues. In a particular 
embodiment, the eeiluiase variant is derived from one of the 
cellulases identified in Table 3 {(a) Humicola incoiene,; (b) 
AeroiTjonium sp. ; (c) Volut&lla collBctolri choid&s ; {d} so.rda.ri a 

is .fimieola; to, Tirielavin terreist.ru. a ; -s v 5ri;r ovyaporem; (c) 

Myc& 2 i oph th or a thermophllzt (h) Crin.ipeLI.is scabella,: (i; 
Macrophomina phased im; ( jj P&eudamoxi&s fluoresces s 0c) 
0$til&go maydis) , by substitution, insertion and/or deletion at 
one or more of the positions identified in Table 3 tor these 

20 oelluiases. 

mi>m Acid Residues less th&n 8 & froa ttan Sttfcatratw 
Positions Identified by Ceiiulase numbering 

25 (a) Humicola insol&nsj (b) Acremonium so. ; (c) Volutella 
collectoii'ichoicl^s ; (d) sordaria fimieola; (e) Thielavia 
terr&stria- (f) Flrsaricm orysporue; (g; Mycel iophthora 
trwrmophila ; (h) Crinipellis scap&ll.a; (i) Macrophomina 
phas&olina; ( j ; Pse-udomon&s fluoresceins; (k) Ustilaqo maydis. 
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partly Co«serv«i8 Msin© &«i<§ Sfcestidues 

As defined herein a ''partly conserved amino acid 
residues* is an amino acid residua identified according to Table 
1, a position at which position between ? to 10 amino acid 
residues of the 11 residues (i.e. more than 63%) indicated in 
Table i for that position, arc identical. 

Accordingly, the Invention further provides a cellulase 
variant, in which variant an amino acid residue has been 
changed into a conserved amino acid residue at one or mors 
positions according to Table i, at which position (s) between 7 
s and 10 amino acid residues of the 3.1 residues identified in 
Table 1, are identical. 

In a preferred embodiment the invention provides a cei- 
lulase variant, which has been derived from a parental ceilu- 
lase by substitution.. Insertion and/ or deletion at one or more 
10 of the following positions; 13. 34, 15 f 20, 21, 22, 24, 28, .12, 
34, 4S, 48, SO, S3, 54, €12, 63, 64, 65, 66, SB, 69, 70, 71, 72, 
73, 74, 75, 79, 85, 88, 90, 92, 93, 95, 96, 97, 98, 99, 104, 
106, 110, 111, 113, 115, 116, 118, 119, 131, 134, 138, 140, 
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146, 152, 153, 163, 166, 169, 170, 171, 172, 173, 174 , 174, 
177, 178,179, 180, 133, 196, and/or 19? ( eeliuiase numbering), 
in a raore specific embodiment the invention provides a 
eeliuiase variant that has been subjected to substitutions, 
insertions and/or deletions, so as to comprise one or more of 
the amino acid residues at the positions identified in Table 4 
below. The positions in Table 4 reflects the "partly conserved 
amino acid residue positions" as well as the non-conserved 
positions present within 5* of the substrate in binding cleft 
all of which indeed are present in the aligned sequences in 
Table I. 

Selected sub«fcifci*ti<ma, insertions ana/ or Delations 
Positions Identified by Cellulase Numbering 





Position 


Amino Acid Residue 
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In a yet more preferred embodiment , the invention 
provides a celiulase variant derived from a parental caliuiase 
by substitution, insertion and/or deletion at one or more amino 

s acid residues as indicated in Tables 5-6, below. The caliuiase 
variant may be derived from any parental cellulase holding the 
anino acid residue stated at the position indicated. In 
particular the parental eeliulase may be a Humicola xmol&ns 
eeliulase; an Acremoniam sp. eeliulase; a voltrtelia 

Jn .> U«e; a Sordarxa nwwi^ o Siu.ase- a 

Thieiavxs fcerrest/r.is ceilulase? a Fusarium oxyeporum ceilulase; 
a Myceliophthora th&rxtophila eeliulase;. a ^rimpelli* scabe.Lla 
eeliulase; a Macrophomina phas&olina celluiase; a Pseudoinonas 
fluoresces ceilulase; or a VsliUqo maydis ceilulase, 

iS moreover , the ceilulase variant may be characterized by 

having improved performance, in particular with respect to 

.1. improved performance defined as increased catalytic activ- 
ity? 

2. altered sensitivity to anionic tensi.de? and/or 

20 3, altered pB optimum; 

as also indicated in Tables 5-6, The positions listed in Table 
5 reflect transfer of properties between the different eellu- 
iases aligned in Table I. The positions listed ,n Tab!. 6 re- 
flect transfer of properties frets Humieola insolens EGV to the 

25 other celiuiases aligned in Table 1. 



*r«f**««d callttl*** variants 

Positions Identified by Ceilulase Numbering 



KX3L, Mm <l,a,3) ; 

P14A, A14P (1) f 

S15H, HISS (1,3); 

K20E, K20C- f R20A, E2GK, G20K, A3 OK, B20G, »0X. G2QE, 

3S A20G (1,2,3) i 

K21K f miK (1,2,3); 
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A22G, A22P, G22A, P2 2A, G22P, P.22G (i); 
V24*, V24L, *24V, L24V, *24L, L24* (1); 
V28A, V2SL, A28V, L23V, A28E, L28A (1) ; 

N32D, N32S, N32K, D32M, S32N , K32N, D32S, D32K, S3 2D, K32D, 
S S32K, K32S {2,3}; 
N34D, D34N (2) ; 

I38L, I38F, I38Q, L38I, F38I, Q3S3 , L38F, L38Q, F38L, Q3 8L, 
F38Q, Q3SF (1) 
S4SN, H45S (!) ; 
10 G46S, S46G (1) ; 

E48D, S48N, D48E, N48E, 048H, N48D (1,2,3); 
G50N, mod (1); 

A53S, A53G, A53K, S53A, G53A, K53A, S53G f S53K, G53S, K53S, 
G53K, K53G f 1) ; 
15 Y54F, FS4Y (.1, 3} f 
W62F, F62W {1,2); 
A6 3 D , DS3A {2,3}; 

V64I, V84D, I64V, D64V, 1640, 0641 {2) ; 

N65S, N65D, -H6.5E, S6SW, D65H, K65N, 8650, S65H, D65S, E65S, 
20 D65E, E6SD {2} ; 

D66P, 066T, H66D, P66D, T66D, N66P, N66T, P66N, T66M, 
P66T, T66P (2,3) ; 

F6SV, FS8L, F68T, F68P, V68F, L68F, T8SF, P60F, V68JL, V6ST, 
V68P, L68V, T68V, P68V, L68T, L68F, T68L, P&8L, T68F, PS8T 
25 (3,2); 

MSG, A69T, S69A, T89A, T69S (I); 

L70¥, Y70L (1); 
G71A, A71G 

F72», F72Y, W72F, Y72P, W72Y , Jf72W (1) ; 
30 A/3G, G7 5A (I); 
A74F f F74A (1); 

T7BV, T7SA, T7SG, V7ST, A7ST, G753?-, V75A, V7SG, A? 5V, G75V, 
A7SG, G75A (I) ; 
G79T, T?9G (1); 
35 W85T, TS5W (1) ; 

A.88Q,- A88G, A88R, QS8A, G88A, E88A, $886, Q88R, G88Q, ES8Q, 
G88R, K88G {1,2,3}; 
Y90F, F90Y {I}; 
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093 E, B93Q (2) ; 



111. IV,. Villi (1) ? 



6G, Q116G, SI 160 , Q116S H ) » 
18Q 5 T118N , GI 
SG { 1 ) I 
9K, N119H £1 



A92h (1) ? 
'T93Q, T93E, Q«3T 
T95E, E9ST (2); 
S96T, T96S (1) ; 
s G97T, G97A, T97G, T97A, -A97T (I) j 

P98A, A98P (1); 
V99L, L99V iXfi 
K.104L, L1Q4M (1),* 
V106F, F 1.06V {1,3} J 

xo siion, Kiaos (2-5 ; 

T1XI1, TX11V, 111 IT, VI1X! 
G113Y, Y113G (1,3); 
L115V, VIXSL £!}: 
G1X6S, Gll&Q, SI 

m HiiBT , HiiBG , n; 

QI 1ST, G118Q, Q: 

H119Q, H119N, Q.119K, H119H £1,2)? 
VX29L, L129V (1); 
113 XL, X131A, LI 3 II, A131I 
20 GX34A, A134G 

QX38E, EX38Q (I, 2,3) J 
S140N, K140G (1); 
R146Q, Q146R {1,2,3} j 
S152D, D152S {2}," 
2S R153K, R153L, R153A, K153S, 
AX53K, L153A, M53L (2); 
1,163V, Life IK, V163L, W1*3L, 
GX66S, S166G {!}? 
W.169F, FX69W (1); 
30 RX70F, PI 7 OR (.1,2,3); 

FX71Y, F171A, Y 17 IF, AX? IF, 
D172E, D172S, E172D, S172D, 

B173W (1,2,3); 
F174H, F174W, M174P, WI74F, H174W, WX74M {%) 
35 AX7 7I1, N177A (1); 

DI78P, F17SS {1,2,3) ; 
NI79V, V179N (1) ? 

s»i sol, Lis op (i) ; 



Q118N, TLX8G, T118Q, GX18T, 



LX3XA, A13XL {X) ; 



L153R, MS3R, K1S3L, K153A, LXS3K, 
V163W, W163V (1); 



Y171A, 
EI72S. 



AX7XY 
S172E 



{2} ; 
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L193I, 1193b (1); 

R196I, R196K, 11968, K19SR, I136K, K196I (2,3) ; 
T197S, S19 7T (I) 



s 

Sr«f«rred Cftllulase i?&ria»tg 

Positions Identified by CeXXulase Numbering 



10 L13K {1/2,3} ; 
A14P 

HISS (tM* 

E20K, G20K, A 2 OK (1,2,3); 

N21K (1,2, 3 J ? 
IS G2 2A, P22A (1) J 

*24V, L24V { .1} ? 

A28V, L3BV (l); 

D32N f S32K, K32H {2,3}; 

03 4 N {2}; 
2D mm, F38I, Q38X (1) J 

(I); 

S4SG (1); 

3348 £, H48E (1,2,3) ; 
N50G (1) ; 
2S S53A, G53A, R53A {1} ; 

F62W (1,2); 
083 A {2,3); 
164V, 064V (2) ; 
30 S65S, D6SK, E65N (2} 

P66D ( T66D (2,3); 
V68F, L68F, T68F, P68F (1,2); 
S69A f T69A (1} 
Y70L (!) 

is a?ig tm 
mm, Y72F (i) 

G7 3A (1) 



worn* nm"> 



F74A {1} 

V7 5T, A? ST., G75T (1) 
T790 (1}; 

mm I i)i 

a Q3SA f G88A, R88A (1,2,3) 
F90Y (J) 
A92L (I) 
QS3T, E93T (2); 

ms? (2); 
10 T96S (I) ; 

T87G, A97G (IJj 
AS8P (X); 
IS9 V £1} ? 
L104M (I) | 
IS F 106V (1,3) ; 
H11GS (1) I 
I HIT, V111T <1> I 
YI13G (1,3) ? 
V;iiSL 
20 S116G, QI16G (I) ? 

TH8N, G118N, QX18H (!) J 
Q119H, N119H (1,2); 
L129V (1) ; 
L131X, A 13X1 {1} J 
25 AX34G {%} ! 

E138C? (1,2, 3} ; 
N140G (X) J 
Q146H (1,2,3) J 
D152S (2); 
30 KX53E, LI53R, A153R (2) ; 
VIS 31,, W163L (1); 
S168G (1) ? 

FX70H (1,2,3) | 
3? £17 IF, AI71F (X); 
E172D, S172D (2) ? 
E17 3W { 1 , 7. 3 ) f " 
M1?4F, W174F (IK? 
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H177A (1) ; 
F178D £1,2,3); 

LXSOP (1) ; 
S IX93X. (i); 

1I9 6R, K196R (2,2) } 
S197T (I) 



Mt«r«d 8©nsibiiity Towards Anionic Tensile® 

As mentioned above, anionic tansides are products 
frequently incorporated into detergent compos it ions; . Sometimes 
celiulolytic enzymes having an increased stability towards 
anionic teasidss is a desire, and sometimes celiulolytic 
ensymea having an increased sensitivity are preferred.,. In a 
further aspect the invention provides cellulose variants of an 
altered anionic tenside sensitivity. 

Accordingly, a eelluiase variant of the invention of 
altered anionic tanside sensitivity is a eellulase variant 
which has been derived fr<m a parental celiuiase by 

10 substitution, insertion and/or deist ion at one or mors of the 
following positions* 2, 4, 7, 8, 10, 13, 15, 19, 20,, 21, 25, 
26, 29,, 32, 33, 34, 35, 3?, 40, 42, 4 2a, 43, 44, 48, 53, 54., 
35, 58, 59, 63, 64, 65, 66, 67, 70, 72, 76, 79, B0, 82, 84, 86, 
88, 90, 91, S3, 95, 95d, 95h, 05 j , 97, 100, 101, 102, 103, 113, 

IS 114, 117, 119, 121, 133, 136, 137, 138, 139, 140a, 141, 14 3a, 
145, 146, 147, 150e, ISOj, 151, 152, 153, 154, 155, 156, 157, 
158, ISO, 160c, 160©., 160k, 161, 162, 164, 165, 168, 170, 171, 
172, 173, 175, 176, 178, 181, 183, 184, 185, 186, 188, 191, 
192, 105, 195, 200, and/or 201 (cei.lula.se numbering) . These 

20 positions contain, in at least: one of the eel Xu la Be sequences 
aligned in Table l, a charged or potentially cbargsd aa 
residue . 

In a particular embodiment , the celiuiase variant is 
derived from one of the eellulases identified in Table 7, 
25 foelov, ((a) Bumicola In&ol&ns} (fo) Aoresoriuo sp.j (o) 
Volut®ll& coi 1 octet ri ehoi doe; (&) sordaria. fimieols.;, (ej 
Thietisvx* terrestris] ( f ) Fusariu® oxyspornm; (q) 
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Mycei iophthora thermcphila; (h) Crinipsllis scs&ella? (ij 
Macro&homina phas&olina; <j> Pseucfossonas f luoreseeils ■; (k* 
ttetilago awydi*) , by substitution, insertion and/or deletion at 
one or wore of the positions identified in Table 7 for these 
ceilulases. 



3Mt«r«« Sensitivity toward*- toiosic 

Positions Identified by Cellulase Numbering 

(a) Humicola insol&ns; {to} Acremoniu® sp. ; fc) V'oJuteiia 

collect otri cfcoitf ; (d) Sordaria firaicola; <aj TMelavia 

terr&stris; <f> Fusarium o^ports^,; (g) jfyeeliopbthora 

thermophila; (h) CrinipeiXis sca&elia; <i) Macrophomin* 

phas&oixna; <j) Pssudoiso»d« fluorescent?; <k> EJsfciiago s>aydis> 
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sit isms 

In a still further aspect, the present invention 
relates to an enzyme composition comprising a* enzyme 
exhibiting celluiolytic activity as described above. 

The enzyme composition of the invention may, in 
addition to the eellulase of the invention,, comprise one or 
more other enaysne types, for instance hemi -eellulase such as 
xylanase and xaannanase, other eellulase components., chitinase, 
lipase, esterase, pectinase, cutinase,, phytase, oxidoreductase, 
peroxidase, iacca.se, oxidase, paetinmethylestarase , 
polygalacturonase , protease, or amylase. 

The enzyme composition say be prepared in accordance 
with methods known in the art and may fee in the form of a 
liquid or a dry composition. For instance, the enzyme 
composition may be in the form of a granulate or a 
mierogranuiate. The enzyme to be included in the composition 
may foe stabilized in accordance with methods known in the art, 

5 Examples are given below of preferred uses of the 

ensyme composition of the invention. $he dosage of the enzyme 
composition of the invention and other conditions under which 
the composition is used may be determined on the basis of 
methods known in the art. 

S The enzyme composition according to the invention may 

he useful for at least one of the following purposes . 



During washing and we.ari.ng, dyes tuff from dyed fabrics 
or garment will conventionally bleed from the fabric which then 
s looks faded and worn. Removal of surface fibers from the fabric 
will partly restore the original colors and looks of the 
fabric. By the term « color clarification*' , as used herein f is 
meant the pertly restoration of the initial colors of fabric or 
garment throughout multiple washing cycles. 

10 The term fs de~piiilng« denotes removing of pills frota 

the fabric surface. 

The term "soaking liquor" denotes an aqueous liquor in 
which laundry may foe immersed prior to being su> ted 1 a 
conventional washing process. The soaking liquor may contain 

is one or more ingredients conventionally used in a washing or 
laundering process, 

The term "washing liquor" denotes an aqueous liquor in 
which laundry is subjected to a washing process, i.e. usually a 
combined chemical and mechanical action either manually or in a 

20 washing machine. Conventionally, the washing liquor is an 
aqueous solution of a powder or liquid detergent composition, 

The term ^rinsing liquor" denotes an aqueous liquor in 
which laundry is immersed and treated, conventionally 
immediately after being subjected to a washing process., in 

as order to rinse the laundry, i.e. essentially remove the 

detergent solution from the laundry. The rinsing liquor may 
contain a fabric conditioning or softening composition. 

The laundry subjected to the method of the present 
invention may be conventional washable laundry. Preferably, the 

20 major part of the laundry is sewn or un-~sewn fabrics, including 
knits, wovens, denims, yarns, ana toweling, made from cotton, 
cotton blends or natural or ssanmade c«l lulosi.es (e.g. orig- 
inating from xyian -containing cellulose fibers such as from 
wood pulp) or blends thereof. Examples of blends are blends of 

3$ cotton or rayon/ viscose with one or more companion material 
such as wool, synthetic fibers (e.g. polyamide fibers, acrylic 
fibers, polyester fibers, polyvinyl alcohol fibers, polyvinyl 
chloride fibers, polyvinylidene chloride fibers, polyu.retha.ne 
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fibers, polyurea fibers, aramid fibers) , and cellulose-contain- 
ing fibers (e.g. rayon/ viscose, ramie, f lax/I inen, jute, cellu- 
lose acetate fibers, lyocesll) . 

5 DETERGENT DISCLOSES AND EXAMPLES 

m i erg - compositions according to the present 
invention comprise a surfactant system wherein the surfactant 
can be selected from nonionic and /or anionic and/or eationic 
10 and/or ampholytic and/ or zwitterionic and/or semi-polar 
surfactants - 

The surfactant is typically present at a level from 
0.1% to 60% by weight. 

The surfactant is preferably formulated to be 
15 compatible with enzyme components present in the composition. 
In liquid or gel compositions the surfactant is most preferably 
formulated in such a way that it promotes, or at least does not 
degrade, the stability of any ensyme in these compositions. 

Preferred systems to be used according to the present 
20 invention comprise as a surfactant one or mora of the nonionic 
and/or anionic surfactants described herein. 

Polyethylene,, polypropylene, and polybutylene oxide 
condensates of a Iky I phenols are suitable for use as the 
nonionic surfactant of the surfactant systems of the present 
25 invention, with the polyethylene oxide condensates being 

preferred. These compounds include the condensation products of 
alkyl phenols having an alkyl group containing from about 6 to 
about 14 carbon atoms, preferably from about S to about 14 
carbon atoms , in either a straight, chain or branohed-chain eon--- 
30 figuration with the alkylene oxide. In a preferred embodiment, 
the ethylene oxide is present in an amount equal to from about 
2 to about 2 5 moles, more preferably from about 3 to about 15 
moles, of ethylene oxide per mole of alkyl phenol. Commercially 
available nonionic surfactants of this type include XgepalTM 
35 CO-63C, marketed by the GAF Corporation; and TritonTH X~4 5 ( X- 
114 , X-1C0 and ¥-102, all marketed by the Rohm & Haas company, 
'fhese surfactants are commonly referred to as aitylphenoi 
alkoscylst.es {e,g>, alkyl phenol ethoxy fates) . 
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The condensation products of primary and secondary 
aliphatic alcohols with about l to about. 25 moles of ethylene 
oxide are suitable for use as the nan ionic surfactant of the 
nonionic surfactant systems of the. present invention. The aikyl 
s chain of the aliphatic alcohol can either fee straight or 
branched, primary or secondary, and generally contains from 
about 8 to about 2 2 carbon atoms. Preferred are the 
condensation products of alcohols having an aikyl group 
containing from about 8 to about 20 carbon atoias, mora 

10 preferably from about 10 to about 18 carbon atoms, with from 
about 2 to about 10 soles of ethylene oxide per mole of 
alcohol. About 2 to about 1 moles of ethylene oxide and most 
preferably from 2 to 5 moles of ethylene oxide per mole of 
alcohol are present in said condensation products . Examples of 

is commercially available nonionic surfactants of this type 

include TergitoXTM 15-S-9 (The condensation product of C3.1~C.1S 
linear alcohol with 9 moles ethylene oxide) , TergitolTM 24-1,-6 
NHS? (the condensation product of C12-C14 .primary alcohol with 6 
moles ethylene oxide with a n&t&ek molecular weight 

ao distribution) , both marketed by Union Carbide corporation? 
KeodolTM 45-9 (the condensation |*t®duet of C14-C15 linear 
alcohol with 9 moles of ethylene oxide) , NeodoiTM 23-3 (the 
condensation product of C12-C13 linear alcohol with 3.0 moles 
of ethylene oxide) , NeodolTK 4S~? (the condensation product of 

25 C14-C15 linear alcohol with ? moles of ethylene oxide) , 
HeodolTM 45-5 (the condensation product of C2 4-C15 linear 
alcohol with S moles of ethylene oxide) marketed by Shell 
Chemical Company, KyroTM EOB (the condensation product of CIS- 
CIS alcohol with 9 moles ethylene oxide) , marketed by The 

30 Procter & Gamble company, and Gsnapol LA 0S0 (the condensation 
product of C12-C24 alcohol with 5 moles of ethylene oxide) 
marketed by Ho«ch»t. Preferred range of HI»B in these products 
is from 8-11 and most preferred from 8-10, 

.Also useful as the nonionic surfactant of the 

35 surfactant systems of the present invention are 

alkylpolysaccharidea disclosed in OS 4,565,647, having a 
hydrophobic group containing from about 6 to about 30 carbon 
atoms, preferably from about 10 to about 16 carbon atoms and a 
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polysaccharide, e.g. a p< 5 r ophidic group 

containing frosn about 1,3 to about 10, preferably from about 
1,3 to about 3, most preferably frosr. about 1,3 to about 2.? 
saccharide units. Any reducing saccharide containing 5 cr 8 
s carbon atoms can be used, e.g..,. glucose, ga lactose* and 
galactosyl Bo.iati.es can be substituted for the giaeosyi 
saoieties (optionally the hydrophobic group is attached at the 
2~, 3~ f 4~, etc. positions thus giving a glucose or galactose 
as opposed to a glueoside or galact aside) . The inter saccharide 
10 bonds can be, e.g. , between the one position of. the additional 
saccharide units and the 2~ f 3~ f 4~, ana /or 6- positions on the 
preceding saccharide units. 

The preferred alky Ipolygiycos ides have the formula 
R20 { CnH2nG> t (giycosyi } x 
15 wherein 8:2 is selected from the group consisting of 

alkyi, alkyiphenyi, hydroxy airy 1 , hydroxyaixy d phenyl , and 
fixtures thereof in which the alky.1 groups contain from about 
10 to about 18, preferably fro» about 12 to about 14, carbon 
atOBS? h is 2 or 3, preferably 2; t is trom 0 to about 10, pre- 
20 ferably 0; and x is from about 1,3 to about 10, preferably frosts 
about. 1,3 to about 3, most preferably from about 1.3 to about 
2.7, The giycosyi is preferably derived from glucose. To 
prepare these compounds, the alcohol or alky ipolyethoxy alcohol 
is formed first and then reacted with glucose, or a source of 
25 glucose, to form the glycoside (attachment at the i -position} , 
The additional giycosyi units can then be attached between 
their 1 -posit ion and the preceding giycosyi units 2~, 3~, 4 ~ , 
and/or 6-position, preferably predominantly the 2 -posit ion. 

The condensation products of ethylene oxide with a 
30 hydrophobic base formed by the condensation of propylene oxide 
with propylene glycol are also suitable for use as the 
additional nonionic surfactant systems of the present 
invention. The hydrophobic portion of these compounds will 
preferably have a molecular weight from about 1500 to about 
35 1800 and will exhibit water insolubility. The addition of 

polyoxyethylene moieties to this hydrophobic portion tends to 
increase the water solubility of the molecule as a whole, and 
the liquid character of the product .Is retained up to the point 
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where the polyoxyethylene content is about 50% of the total 
weight of the condensation product,, which corresponds to 
condensation with up to shout 4 0 moles of ethylene oxide. 
Examples of compounds of this type include certain of the 
s commercially available PluronicTM surfactants, marketed by 
BASF. 

Also suitable for use as the non ionic surfactant of the 
nonionic surfactant system of the present invention, are the 
condensation products of ethylene oxide with the product 

10 resulting from the reaction of propylene oxide and 

athylenediamine, Toe hydrophobic moiety of these products 
consists of the reaction product of ethyiened famine and excess 
propylene oxide, and generally has a molecular weight, of from 
about 2500 to about 3000. This hydrophobic moiety is condensed 

is with ethylene oxide to the extent that the condensation product 
contains from about 4 0% to about 80% by weight of 
polyoxyethylene and has a molecular weight of from about. 5,000 
to about 11,-000, Examples of this type of nonionic surfactant 
include certain of the commercially available TetronicTM 

20 compounds,, .marketed by BASF » 

Preferred for use as the nonionic surfactant of the 
surfactant systems of the present invention are polyethylene 
oxide condensates of alkyl phenols,, condensation products of 
primary and secondary aliphatic alcohols with from about I to 

M mmxt as moles of ethyleneoxide, aikylpolysaceharides, and 
mixtures hereof. Most preferred are C8-C.14 alkyi phenol 
ethoxylates having from 3 to 15 efchoxy groups and C8 -CIS- 
alcohol ethoxylates (preferably C10 avg.) having from 2 to 10 
ethoxy groups, and fixtures thereof. 

30 Highly preferred nonionic surfactants are polyhydroxy 

fatt.y acid asside surfactants of the formula 
R2 ~ C - N ~ 2, 

M II 
o m 

m wherein Rl is H, or Rl is CI-4 hyarccarbyl, 2~ 

hydroxyethyi, 2~hydro>;:ypropyi or a mixture thereof, m is C5-31 
nydrocarbyi,- and 2 is a polyhydroxyhydrocarbyi having a linear 
hydrocarbyi chain with at least 3 hydroxy Is directly connected 
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to the chain, or an aitox\ u.-.t so derivative thereoi, Preferably, 
Rl is methyl, R2 is straight Cli-lS aikyl. or CI 6-1 8 alky! or 
aikenyl chain such as coconut- aikyl or Matures thereof, and < 
is derived fro» a reducing sugar such as glucose, fructose,, 
s maltose or lactose, in a reductive ami net ion reaction. 

Highly preferred anionic surfactants include aikyl 
aifcoxylatod sulfate surfactants. Examples hereof are water 
soluble salts or acids of the > it RO { A } ;»So:ny wnerein R is 
an unsubst itated C10-C-24 aikyl or hydroxyaiky 1 group having a 

io C10--C24 aikyl component, preferably a CX2-C20 aikyl or hydro- 
xyaikyi, sore -preferably C12-C18 aikyl or hydroxyalkyi , A in an 
ethoxy or propoxy unit,, m is greater tnan zero Cyp .italic 
between about 0,5 and about 6, r<>> > pre!.«£aj>ly between about 
CPS and about 3, and H is B or a cation which can be, for 

is example,, a metal cation (e.g., sodium, potassium, lithium, 
calcium, magnesium, etc.) < ammonium or sufest ituted~ammon i urs 
cation, Alkyi ethoxy 1 at ed sulfates as well as aikyl 
propoxy la ted sulfates are contemplated herein. Specific 
examples of substituted ammonium cations include methyl-, 

so dimethyl, trimethyi -ammonium cations and quaternary ammonium 
cations such as tetrsmet hy 1- ammonium and dimethyl piperdinium 
cations and those derived from aikyl amines such as ethyiamine, 
diethylamide, tr lathy lani.ce , fixtures thereof, and the like, 
Exemplary surfactants are CX2-C18 alkyi peiyef hoxyiate {1,0} 

25 sulfate <C12~C181C1,0)M} , C12-C13 alkyi poly ethoxy late (2.25) 
sulfate <C12~C18{2.25)JS„ and CX2-C1S aikyl polyethoxy late (3.0) 
sulfate <CX2-CI8E{3.0}8) , and CI 2 -CIS alkyi polyethoxy iate 
{4.0} sulfate {C12-C18E{4«0)H) , wherein H is conveniently 
selected from sodium and potassium. 

30 Suitable anionic surfactants to be used are aikyl ester 

sulfonate surfactants including linear esters of CS-C20 
earfooxylic acids (i.e.,, fatty acids) which are sulfonated with 
gaseous S03 according to "The Journal of the American Oil 
Chemists Society**, S2 {1975}, pp. 323-329. Suitable starting 

33 materials would include natural fatty substances as derived 
from tallow, palm oil, etc, 
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The preferred alkyi ester su.Uonate surfactant, 
especially for laundry applications, comprise a Iky I estar 
sulfonate surfactants of the structural formula; 

0 

5 II 

R3 CH ~ C - 0R4 
1 

S03M 

wherein R3 is a C8-C20 hydrocarbyi, preferably an 
10 alkyi, or combination thereof, R4 is a CX-C6 hydroearbyi, 

preferably an alkyi, or combination thereof .< and M is a cation 
which forms a water soluble salt with the alky l ester 
sulfonate. Suitable salt-forming cations include metals such as 
sodin:}} f potassium, and .lithium, and substituted or 
is unsuhstitnted amnio ni am cations, such as monoethsnoiamine, 

diethonolamine,. and trlethanoiaiaine , Preferably , E3 is C10-C16 
alkyi, and R4 is methyl, ethyl or isopropyl. Especially 
preferred are the methyl ester sulfonates wherein S3 is C3.0-C16 
alkyi » 

2e Other suitable anionic surfactants include the alkyi 

sulfate surfactants which are water soluble salts or acids of 
the formula R0S03K wherein R preferably is a C10-C24 
hydroearbyi, preferably an alkyi or hydroxys Iky 1 having a ClO- 
CSO alkyi component, more preferably a C12-C1S alkyi or 

2S hydroxys iky 1, and H is H or a cation., e,g> ,. an alkali »stal 
cation (e.g. sodium,, potassium, lithium), or ammonium or sub- 
stituted ammonium (e.g. methyl-, dimethyl-, and trimethyi 
ammonium cations and quaternary ammonium cations such as 
tetrarethyi-ammonium and dimethyl piperdinium cat. ions and 

30 quaternary ammonium cations derived from alkylamines such as 
sthylamine, diethy.lami.no, triethylamine, and mixtures thereof, 
and the like). Typically, alkyi chains of C12-C16 are preferred 
for lower wash temperatures {e.g, below about so*C) and C16-C1S 
alkyi chains are preferred for higher wash temperatures (e,g, 

35 above about 50 *C) , 

Other anionic surfactants useful for detersive purposes 
can also be included in the laundry detergent compositions of 



the present invention. Theses can include salts (including., for 
example, sodium, potassium,. ais»bniu», and substituted ammonium 
salts such as mono- di~ and triethsnolanine salts) of soap, C8~ 
022 primary or secondary aikanesu If ana too , C8-C24 
s olef insulfonates, sulfonated poiycarboxylic acids prepared by 
sulfonation of the pyroiysed product of alkaline earth metal 
citrates, e.g., as described in British patent specification 
Ho. 1,082,179, C8-C24 alkyipolygiycoiethsrsui fates {containing 
up to 10 moles of ethylene oxide); alky! glycerol sulfonates, 
10 fatty aeyl glycerol sulfonates, fatty olayl glycerol sulfates, 
alkyl ph 1 J « x 

sulfonates, alkyl phosphates, isethionat.es such as the aoyl 
isethionates, N-acyl taurates ( alkyl succinamat.es and 
sulfosucei nates , monoestars of sulfosuc; ste spe* la ,\ 
as saturated and unsaturated Ci2~CI3 aonoesters) and diesters of 
suifosnccinat.es {^specially saturated and unsaturated C6-C12 
diesters) , aoyl sarcosinaf.es, sulfates of aikylpolysaocharides 
such as the sulfates of alkylpolyglocoside (the nonionic 
fioosulfated compounds being described below) , branched primary 
20 alkyl sulfates, and alkyl poiyethoxy carboxylatea such as those 
of the formula RO { CH2CH20) k~CH2C00-M* wherein 8 is a C8-C22 
alkyl, k is an integer from 1 to 1.0, and m is a soluble salt 
forming cation. Resin acids and hydrogenated resin acids are 
also suitable, such as rosin, hydrogenated rosin, and resin 
2B acids and hydrogenated resin acids present in or derived from 
tall oil. 

Aikyibensene sulfonates are highly preferred. 
Especially preferred are linear { straight-chain) alkyl benaene 
sulfonates (LAS) wherein the alkyl group preferably contains 
30 frosts 10 to IS carbon atoms. 

Further examples are described in * Surface Active 
agents and Detergents" (Vol. X and XI by Schwartz, Perrry and 
Berchj . k variety of such surfactants are also generally 
disclosed in US 3,929, 6?B, {Column 23, line 58 through Column 
35 29, line 23, herein incorporated by reference). 

When included therein, the laundry detergent 
compositions of the present invention typically comprise free 
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about: 1% to about 40%, preferably from about 3% to about 20% by 
weight of such anionic surfactants. 

The laundry detergent compositions of the present 
invention Bay also contain cat ionic, amphoiyt ic, it tor ionic, 
$ and semi-polar surfactants,, as veil ss the non ionic and/or 
anionic surfactants other than those already described herein. 

Cationic detersive surfactants suitable for use in the 
laundry detergent compositions of the present invention are 
those having one long-chain hydroearbyi group. Examples of such 
10 cationic surfactants include the ammonium surfactants such as 
alky Itr ime thy laaaaoniUiB halogenides, and those surfactants 
having the formula; 

[R2 (OR3)yJ f.R4 (OR3 ) y } 
wherein R2 is an alkyi or alky! benzyl group having 
is from about 8 to about 3.8 carbon atoms in the alkyi chain, each 
m is selected form the group consisting of ~CH2CH2~ *. ~ 
CH2CK (CH3) ~ , -CH2 CH { CH20H ) — , ~CH2CH2€M2~ , and mixtures thereof; 
each is selected from the group consisting of C1-C4 alkyi., 
C1-C4 hydroxys Iky 1, benzyl ring structures forced fey joining 
20 the two JU groups, ~C82CHOHCHOHCOR6CHOHCH20H, wherein RS is any 
hexose or hexose polymer having a molecular weight less than 
about 1000, and hydrogen when y is not 0; RS is the same as R4 
<?r is an alkyi chain, wherein the total number of carbon atoms 
or R2 plus RS is not store than about IS; each y is from 0 to 
2S about 10, and the sum of the y values is from o to about 15; and 
X is; any compatible anion. 

Highly preferred cationic surfactants are the water 
soluble quaternary ammonium compounds useful in the present 
composition having the formula t 
30 R1R2R3R4.N4.X~ (i) 

wherein HI is C8-C16 alkyi, each of m, R3 and R4 is 
independently C1-C4 alkyi, CX-C4 hydroxy alkyi, benzyl, end ~ 
<C2H40)xH where x has a value from 2 to 5, and X is an anion, 
hot more than one of R2, R3 or R4 should be teenayl. 
55 preferred alkyi chain length for Rl is C12-C1&, 

particularly where the alkyi group is a mixture of chain 
lengths derived from coconut or palm kernel fat or is derived 
synthetically by olefin build up or OXO alcohols synthesis. 



Preferred groups for R2R3 and R4 are methyl and 
hydrojcyethyl groups and the anion X may be selected from 
halide, aiethosulphat*, acetate and phosphate ions. 

Examples of suitable quaternary ammonium compounds of 
formulae {1} for use herein aret 

coconut trimethyl ammonium chloride or bromide; 

coconut methyl aihydrexy ethyl ammonium chloride or 

bromide ; 

deeyl triethyl ammonium chloride; 

deoyl. dimethyl hydroxyethyi ammonium chloride or 

bromide | 

C12-1S dimethyl hydroxyethyi ammonium chloride or 

bromide; 

coconut dimethyl hydroxyethyi anmonium chloride or 

bromide; 

myristyi trimethyl ammonium methyl sulphate; 

lauryl dimethyl benzyl ammonium chloride or bromide; 

iauryl dimethyl {ethenoxyM ammonium chloride or 

bromide; 

choline esters (compounds of formula (i) wherein Rl is 
eH2~CH2~0~-e~ei2-14 alky! and R2K3R4 are methyl) , 

a 

o 

di -alkyl imidazolines {compounds of formula {!)]. 

Other eafionic surfactants useful herein are also 
described in US 4,228,044 and in EP 000 224. 

When included therein, the laundry detergent 
compositions of the present invention typically comprise from 
0,2% to about 25%, preferably from about 1% to about 8% toy 
weight of such cat ionic surfactants* 

Amphoiytio surfactants are also suitable for use in the 
laundry detergent compositions of the present invention. These 
surfactants can be broadly described as aliphatic derivatives 
of secondary or tertiary amines,- or aliphatic derivatives of 
heterocyclic, secondary and tertiary amines in which the 
aliphatic radical can be straight- or branched-chain. One of 
the aliphatic substituents contains at least about 8 carbon 
atoms, typically from about B to about 18 carbon atoms,, and at 
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least one contains sn anionic water-so iubilizing group, e.g.. 
car boxy, sulfonate, sulfate. See US 3,929,678 (column 19, lines 
13-35) for examples of amphoiytio surfactants, 

When included therein, the laundry detergent 
s compositions of the present invention typically comprise from 
0,2% to about 15%, preferably from about 1% to about 10% by 
weight of such ampholytes surfactants. 

2m?itterionie surfactants ere also suitable for use in 
laundry detergent compositions. These surfactants can be 

10 broadly described as derivatives of secondary and tertiary 
amines, derivatives of heterocyclic secondary and tertiary 
amines, or derivatives of quaternary ammonium, quaternary 
phosphonium or tertiary sulfonium compounds. See US 3,929,678 
{column 19, line 38 through column 22, line 48} for examples of 

is zwitterionic surfactants. 

When included therein, the laundry detergent 
compositions of the present invention typically comprise from 
0.2% to about 15%, preferably from about 1% to about 10% by 
weight of such *witt*r ionic surfactants , 

20 Semi-polar nonionic surfactants are a special category 

of nonionic surfactants which include water-soluble amine 
oxides containing one alkyi moiety of from about 10 to about 18 
carbon atoms and 2 moieties selected from the group consisting 
of alkyi groups and hydroxys Iky 1 groups containing from about 1 

2S to about 3 carbon atoms? watersoiuble phosphine oxides 

containing one alkyi moiety of from about 10 to about IS carbon 
atoms and 2 moieties selected from the group consisting of 
alkyi groups and hydroxy alkyi groups containing from about 1 to 
about 3 carbon atoms; and water-soluble sulfoxides containing 

30 one alkyi moiety from about. 10 to about IS carbon atoms and a 
moiety selected from the group consisting of alkyi and 
hydroxys Iky 1. moieties of from about 1 to about 3 carbon atoms. 
Semi-polar nonionic detergent surfactants include the 
amino oxide surfactants having the formula: 

is o 
f 

R3<OR4)xN('R5)2 



wherein m is an alkyl, hydroxyalky 1 , or alky I phenyl 
group or fixtures thereof containing from about. 8 to about 22 
carbon atons; $4 is an alkylate or hydroxys Iky lane group 
containing from about 2 to about 3 carbon atoms or mixtures 
s thereof; x is frosts 0 to about 3; and each R5 is an alky I or 
hydroxy alky 1 group containing from about 1 to about 3 carbon 
atoms or a polyethylene oxide group containing from about 1 to 
about 3 ethylene oxide groups. The m groups can he attached to 
each other, e.g., through an oxygen or nitrogen atom, to form a 
io ring structure. 

These amine oxide surfactants in particular include 
C1C-CI8 alky I dimethyl amine oxides and C8-C12 aikoxy ethyl 
dihydroxy ethyl araine oxides. 

When included therein, the laundry detergent 
is compositions of the present invention typically comprise from 
0.2% to about 1.5% , preferably from about a% to about 10% by 
weight of such semi-polar non ionic surfactants, 

lyiider Sy*tm 

*P Ths compositions according to the present invention may 

further comprise a builder system Any conventional builder 
system is suitable for use herein including aluminosilicate 
materials, silicates, polyearfooxyiates and fatty acids, 
materials such as ethyl enedlamine tetraacetate, metal ion 

as segnestramts such as aminopolyphosphonates , particularly 

ethylenediamine tetramethyiene phosphonic acid and diethylene 
triamine pantaoethylenephosphonic acid- Though less preferred 
for obvious environmental reasons, phosphate builders sari also 
be used herein, 

30 Suitable builders can be an inorganic ion exchange 

material, commonly an inorganic hydrates a lupines! licate 
material, more particularly a hydra ted synthetic sseolite such 
as hydrated aeolite h t . X, B, HS or mp, 

Another suitable inorganic builder material is layered 
35 silicate, e.g. SKS-6 (Koechst), SKS-& is a crystalline layered 
silicate consisting of sodium silicate {Na2Si205} . 

Suitable polycarboxyiafes containing ome carboxy group 
include lactic acid, glycol ie acid and ether derivatives 
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thereof as disclosed .in Belgian Patent Hos, 331,.36S, 822,369 
and 821,370* Fed ycarhoxy fates containing two carboxy groups 
include the water-so ruble salts of succinic acid,- w&loaic acid, 
(ethyisnedioxy) diacetle acid, jssaleie acid, dig.lycoll.ic acid, 
5 tartaric acid, tartronic acid and tcnaric acid, as well as the 
other carbo>rylates described in Ceriaan o£f.enle~enschrif t 
2,446,686, and 2,446,487, OS 3,935,25? and the suifinyl 
carfco.xyiat.es described in Belgian Patent no. 840, 623 . 
Poly carboxy 1 ates containing three carboxy groups include, in 

io particular, water-soluble citrates, aeon j v. rates and 

eitraconatss as well as succinate derivatives such as the 
earboxy-s&ethyioxysuccinates described in British Patent Ho. 
1,379,241, iactoxysuccinat.es described in Netherlands 
Application 7205873, and the oxypolycarbory late materials such 

15 as 2~oxa~l, 1, 3-propane tricarbo.syIat.es described in British 
Patent ho, 1,387,447, 

Poiycarboxyiat.es containing four carboxy groups include 
oxydisuccinates disclosed in British Patent Ho. 1,26.1,829, 
1 , 1,2,2, -ethane tatracarfcoxylates , 1,1,3, 3~propa«& 

20 tetracarboxylat.es containing wait® sufcstiteente include the 
suilosuecinate derivatives disclosed in British Patent Nos, 
1,398,421 and 1,398,422 and in CIS 3,936,448, and the sulfonated 
pyrolysed citrates described in British Patent No, 1,082,179, 
while poiycarboxylates containing phosphone safest iiuents are 

;r.s disclosed In British Patent No. 1,439,000. 

Micyclic and heterocyclic poiycarboxylates include 
cycl open tane -ci s , ci s -ci s™ te tr aca rboxy 1 at. es , eye 1 opentad ien ids 
pentaearboxylates, 2 , 3 , 4 , 5-tetrahydro-f uran ~ cis, ois, cis™ 
tetracarfooxylates, 2 , S<~tetrahydro-~i ursn-ois, disca.rhoxy lat.es, 

3a 2 , 2 , 6 , 5, -tefxahydrofuran - tetraea rboxy 1 ates , 1,2,3,4,5,6™ 
hexane - hexacarboxylat.es and carfooxyjsethyi derivatives of 
polyhydric alcohols such as sorbitol, wannitol and xylite!. 
Aromatic poiycarboxylates include mellitic acid, pyromellitic 
acid and the phthaiic acid derivatives disclosed, in British 

3S Patent No.- 1,425,343* 

Of the above, roe 5* tarred pol) arboxylates ar^ 
hydroxy-esrboxylates containing up to three carboxy groups per 
ssolectfle, sore particularly citrates. 
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Preferred bui Ider systems for use in the present 
compositions include a fixture of a water- insoluble 
aluminosilicate builder such as aeolite A or of a layered 
silicate {SKS-S} < and a water-soluble carboxylate chelating 
5 agent such as citric acid, 

h suitable chelant for inclusion in the detergent 
composi-ions in accordance with the invention is 
ethyienedia^.ine~NlH ! ~disuecinic acid ( EDDS ) or the alkali 
seta I , alkaline earth metal, asasonium, or substituted ammonium 
iq salts thereof, or mixtures thereof, Preferred EDDS compounds 
are the free acid form and the sodium or magnesium salt 
thereof v Exar.pl as of such preferred sodium salts of EDDS 
include Ma 2 EDDS and Na4EDDS < Examples of such preferred 
magnesium salts of EDDS include MgEDDS and Mq2 EDDS . The 
as magnesium salts are the most preferred for inclusion in 
compositions in accordance with the invention. 

Preferred builder systems include a mixture of a water- 
insoluble aluminosilicate builder such as aeolite A, and a 
water soluble carboxyiate chelating agent such as citric acid, 
go Other builder materials that can form part of the 

builder system for use in granular compositions include 
inorganic materials such as alkali, natal carbonates, 
foi carbonates, silicates, and organic materials such as the 
organic phosphonates, amino polyaXXyiene phosphonates and amino 
2S poiyoarboxylates, 

Other suitable water-soluble organic salts are the 
homo- or co-polymeric acids or their salts, in which the 
po ly car boxy 1 ic acid comprises at least two carboxyi radicals 
separated fern each other by not more than two car-boo atoms. 
30 Polymers of this type are disclosed in GB~A-1,596,?56, 

Examples of such salts are polyacryiat.es of MW 2000-5000 and 
their copolymers with maleie anhydride, such copolymers having 
a molecular weight of from 20,000 to 70,000, especially about 
40,000. 

35 Detergency builder salts are normally included i.n 

amounts of from 5% to 80% by weight of the composition. 
Preferred levels of builder for liquid detergents are from 51 
to 30%. 



Preferred detergent compositions , in addition to the 
enzyme preparation of the invention, comprise other enzyme (S) 
s which provides cleaning performance and/or fabric care 
benefits . 

Such ensymes include proteases, lipases, cutinases,. 
amylases, eellulases, peroxidases, oxidases (e.g. la ceases) < 
Proteases: Any protease, suitable for «se in alkaline 

w solutions can be used. Suitable proteases include those of 
animal, vegetable or microbial origin. Microbial origin is 
preferred. Chemically or genetically modified mutants are 
included. The protease may be a serine protease, preferably an 
alkaline microbial protease or a trypsin- like protease. 

33 Examples of alkaline proteases are subtil is ins , especially 

those derived from Bacillus, e.g., subtilisin Novo, subtilisin 
Carlsherg, subtilisin 309, subtilisin 14? and subtilisin 168 
(described in W> 89/06279} . Examples of trypsin-like proteases 
are trypsin {e,c, of porcine or bovine origin) and the Fus&riu® 

20 protease described in WO 89/06270, 

Preferred commercially available protease enzymes 
include those sold under the trade names hicalase, Savinase, 
Primase, Durasysa, and Esperase by Novo hordisk A/s (Denmark) , 
those sold under the tradename Maxatass, Maxacai, Maxapem, 

25 Properase, Furaf«ct and Purafect OXP by Genencor international, 
and those sold under the tradename Opticiean and Optimase by 
Solvay Enzymes, Protease enzymes may be incorporated into the 
compositions in accordance with the invention at a level of 
from 0,00001% to 2% of ensyme protein by weight of the 

30 composition, preferably at a level of from 0,000.1% to 1% of 

enzyme protein by weight of the composition, more preferably at 
a level of from 0.001% to 0.0% of enzyme protein by weight of 
the composition, even more preferably at a level of from 0.01% 
to 0.2% of enzyme protein by weight of the composition. 
35 Lipases; Any lipase suitable for use in alkaline 

solutions can be used. Suitable lipases include those of bac- 
terial or fungal origin. Chesicaliy or genetically modified 
mutants are included. 
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Examples of useful lipases include a Sumiaola lanugi- 
nosa lipase , e.g. , as described in BP 358 068 arid EP 3 05 216, a 
Rhizomucor ssie&ei lipase, e.g. , as described in EP 23« 023, a 
Candida lipase, such as a c. Antarctica lipase, e.g., the C> 
S antarctica lipase A or 8 described in EP 214 761, a P&eudomonas 
lipase such as a P> aieaiigenes ana P, nseulaa leal > genes 
lipase. , e.g., as described in EP 218 373, a p. cepacia lipase, 
e,g< , as described .in EP 331 376, a P. stutseri lipase, e.g., 
as disclosed in OB l f 3?2 f 034, a P. Plaorescens lipase, a B$cil- 
io Ivs lipase, e.g. , a .8. subfcilis lipase {Par tola at ab f (1993), 
Bioch arnica at Biophysica acta 1111, 2 53-260), a B . stearo- 
thermophilics lipase (JP 64/744992} and a i=f. pumLlns lipase WO 
91/16422) , 

Ftsrther^ore , a mrcftbsr of cloned lipases :ssy be useful, 

IS including the P&nicillium cttm&iabertii lipase described by 
Vassaguchi et al,,. (1991) , Gene 103 f 61-67), the G&otricum 
C&ndiclim lipase (Sohiaada, Y . at ai., (1989), 5' , Biochem,. , 106, 
383-386) , and various Bhizopus lipases such as a del&mar 
lipase (Hass, M, J et al, t , Gene 109, 1X7-113) , a J?.* 

20 niv&us lipase (Kugimiya et al,, (1992), Biosci. Biotech. 
Bioehem. 56, 7 16-? 19} and a P. ar>we lipase, 

Other types of lipolytic ensyoes sacs as catinaaes saay 
also be useful, e.g., a cutinase derived fross Ps&udomonas 
m&ndociha as described in WO 88/09367, or a cut inase derived 

2S f rom Fu.sar.iutn solam pi si (e.g. described in m 90/09446) , 
Especially suitable lipases are lipases such as Ml 
LipaseTM, Luma fastTM and Lipora&xTH (Genencor) , LipoiaseTH and 
Lipoiase OltraTM (Novo Kordisk A/S) , and Lipase P "Assart©* 
(Amano Pharmaceutical Co. Ltd,}. 

30 The lipases are normally incorporated in the detergent 

composition at a level of from 0. 00001% to 2% of engytse protein 
by weight of the composition, preferably at a level of from 
0,0001% to 1% ox ensyoe protein fcy weight of the composition, 
more preferably at a level of from 0.001% to 0,5% of ensyme 

3s protein by weight of the composition, even more preferably at a 
level of from 0,01% to 0,2% of ensyme protein by weight of the 
composition , 
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Amylases: Any amylase {a and/or b) suitable for use in 
alkaline solutions can be used, suitable amylases include these 
of bacterial cr fungal origin, Chemically or genetically »od» 
it. led mutants are included, Amylases include, for example , a~ 
» amylases obtained from a special strain of B. licbeni.for.eus, 
described in K ore detail in SB 1,296,830, Commercially 
available amylases are DnranyiTM, taaiylH, FungamyiTK and 
BANT! n, it. from Novo Nor disk A/S) and RapidaseTK and 
Maxa»yl PTM (available f rom Genencor j , 

m The amylases are normally incorporated in the detergent 

composition at a level of from 0.00001% to 2% of enzyme protein 
by weight of the composition, preferably at a level of from 
0,0001% to 1% of enzyme protein by weight of the composxt-xon, 
snore preferably t * 01% to 0,b% ot en?yme 

as protein by weight of the composition, even more preferably at a 
level of froia 0.01% to 0.2% of enzyme protein by weight of the 
composition, 

Celiuiases? Any celiulase suitable for use in alkaline 
solutions can be used, Suitable cellulases include those of 

20 bacterial or fungal origin > Chemically or genetically modified 
mutants are included. Suitable cellulases are disclosed in US 
4,435,307, which discloses fungal cellulases produced from 
mmicola insolms. Especially suitable cellulases are the 
celiuiases having colour care benefits. Examples of such cellu- 

as Xases are cellulases described in European patent application 
Ho. 0 405 257 and the endoglncauase of the. present invention. 

Commercially available cellulases include celluayaieTK 
produced by a strain of Bttmicola insolens, (Novo Hordisk A/S} , 
and RAC"500(B)TH (Kao corporation) , 

30 celiuiases are normally incorporated in the detergent 

composition at a level of from 0.00001% to 2% of enzyme protein 
by weight of the composition, preferably at a level of from 
0,0001% to 1 of enayme protein by weight of the composition, 
More preferably at a level of from 0,001% to 0.5% of enzyme 

35 protein by weight of the composition, even more preferably at a 
level of from 0.01% to 0,2% of enstyws protein by weight of the 
composition , 
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Pero> < xidas* e s«us& are used in 

combination with hydrogen peroxide or a source thereof (e.g. a 
percarfoonate, perborate or persuifate) , oxidase ensymes are 
used in combination with oxygen , Both types; of ensymes are need 
s for "solution bleaching", i.e. to prevent transfer of a textile 
dye from a dyed fabric to another fabric when said fabrics are 
washed together in a wash liquor, preferably together with an 
enhancing agent, as described in e.g. WO 94/13621 and WO 
95/01426. suitable peroxidases/oxidases include those of plant, 

id bacterial or fungal origin. Chemically or genetically modified 
mutants are included. 

Peroxidase and/or oxidase ensyaes are normally 
incorporated in the detergent, composition at a level of from 
0,000011 to of enzyme protein by weight of the composition, 

.is preferably at a level of from 0.0001% to 1% of encyme protein 
by weight of the composition, more preferably at a level of 
from 0.001% to 0.5% of ensyme protein by weight of the 
composition, even more preferably at a level of from 0.01% to 
0.2% of ensyme protein by weight of the composition. 

fo Mixtures of the above mentioned eiuyams are encompassed 

herein, in particular a «is±ure of a protease, an amylase,, a 
lipase and/ or a cellxslase. 

The enayme of the invention, or any other enzyme 
incorporated in the detergent composition, is normally 

2s incorporated in the detergent composition at a level from 

0.00001% to 2% of enzyme protein fey weight of the composition, 
preferably at a level from 0.0001% to 1% of enzyme protein fey 
weight of the. composition, more preferably at a level from 
0.001% to 0.5% of s* r-. z yr ; • protein by weight of the composition, 

30 even more preferably at a level from 0,01% to 0.2% of enzyme 
protein by weight of the composition, 

Additional optional detergent ingredients that can foe 
3S included in the detergent compositions of the present invention 
include bleaching agents soon as PBI, PB4 and percarfoonate with 
a particle siae of 400-800 microns, These bleaching agent, 
components can include one or more oxygen bleaching agents and, 



depending upon the bleaching agent chosen, one or more bleach 
activators. When present oxygen bleaching compounds will 
typically be present at levels of from about 1% to about 25%, 
In general, bleaching compounds are optional added components 
$ in non-liquid f ormulat ions t e.g. granular detergents. 

The bleaching agent component for use herein can be any 
of the bleaching agents useful for detergent compositions 
including oxygen bleaches as well as others known in the art. 
The bleaching agent suitable for the present invention 
io can be an activated or non-activated bleaching agent. 

One category of oxygen bleaching agent that can foe used 
* < I r? agen and salts 

thereof. Suitable examples of this class or agents include 
nagnesiuo monoparoxyphthaiate hexahydrate.. the magnesium salt 
is of meta-chioro perbensoic acid,- 4 -nony la mi no»4 -oxoperoxy butyi: ic 
acid and diperoxydodecanedioic acid. Such bleaching agents are 
disclosed in US 4,483, 781, OS 740,446, IP 0 .133 .154 and US 
4,4X2,934. Highly preferred bleaching agents also include 8~ 
BOnyiamino~6~oxoperoxycaproic acid as described in US 
20 4, S3 4. ,551, 

Another category of bleaching agents that can he used 
encompasses the halogen bleaching agents. Examples of 
hypobaiits bleaching agents, for example, include trichioro 
isooyanurio acid and the sodium and potassium 

25 dichloroisocyanurates and N-cblor® and H~foromo aifcane 

eulpbcnaisides. Such materials are normally added at Cb-5-10% by- 
weight of the finished product, preferably i~Si by weight. 

The hydrogen peroxide releasing agents can be need in 
combination with bleach activators such as tetra™ 

30 acetyiethylenedianine (TAEO) , nonaaoyloxyfoenzsnesuif onate 
(NOBS, described in US 4,412,934), 3 , 5-trimethyl~ 
hexsanoloiybenaeneoulfonate (ISONOBS, described in EP 120 591} 
or perrtaacetyigiucose. (PAG) , which are perhydrolysed to form a 
peracid as the active bleaching species, leading to improved 

as bleaching effect, in addition, very suitable are the bleach 

activators €8 C6»octanamido~caproyi| oxybenseme^sulfonate, CSf«~ 
nonanamido caproyl) oxyhenzenesuif on ate and €10 (S-decanamido 
caproyl } ©xyfeenzeneeulf onate or mixtures thereof. Also suitable 
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activators are aeylated citrate esters such as disclosed in 
European Patent Application bo, 91870207.7. 

Useful bleaching agents, including peroxyaeids and 
bleaching systems comprising bleach activators and peroxygen 
5 bleaching compounds for use in cleaning compositions according 
to the invention are described in application USSN OS/ 136 , 626 . 

The hydrogen peroxide may also be present by adding an 
enzymatic system {i.e. an enzyme and a substrate therefore) 
which is capable of generation of hydrogen peroxide at the 
io beginning or during the washing and/or rinsing process. Such 
enzymatic systems are disclosed in European Patent Application 
EP 0 537 3 Si. 

Bleaching agents other than oxygen bleaching agents are 
also known in the art and can foe utilized herein. One type of 
is non-oxygen blenching agent of particular interest includes 
photoactive ted bleaching agents such as the sulfonated zinc 
and/or aluminium phthalocyaninas. These materials can fee 
deposited upon the substrate during the washing process, Upon 
irradiation with light,, in the presence of oxygen, such as by 
20 hanging clothes out to dry in the daylight,, the sulfonated sine 
phthalocyanine is activated and, consequently, the substrate is 
bleached. Preferred sine phthalocyanine and a phohoaet ivatad 
bleaching process are described in US 4,033/718. Typically, 
detergent composition will contain about 0.025% to about 1,25%, 
25 by weight, of sulfonated sine phthalocyanine. 

Bleaching agents may also comprise a manganese 
catalyst. The manganese catalyst w*y, e.g. f foe one of the 

in "Efficient ssanganese catalysts for law- 
. 369, 1994, pp. 637-639, 




Another optional ingredient is a suds suppressor, 
exemplified, by silicones,, and silica-silicon© mixtures. 
Silicones can generally be represented by aiky.ia.rsd 
polysiloxane materials, while silica is normally used in finely 
divided forms exemplified by silica aerogels and xerogels and 
hydrophobic silicas of various types, Theses materials can be 
incorporated as particulates, in which the suds suppressor is 
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advantageous ly rwle&sably incorporated in a water-soluble or 
wa terd ispsrs ible, substantially non surf ace-active detergent 
impermeable carrier, Alternatively the suds suppressor can foe 
dissolved or dispersed in a liquid carrier and applied by 

5 spraying on to one or sore of the other components. 

A preferred silicone suds controlling agent is 
disclosed in US 3,933,672. Other particularly useful sods 
suppressors are the self -emulsifying silicone suds suppressors, 
described in German Patent Application OTOS 2,546,12$. An 

10 example of such a compound is DC-544, commercially available 
form Dow Corning, which .is a siioxana-giyeol. copolymer. 
Especially preferred sods controlling agent are the suds 
suppressor system comprising a mixture of silicone oils and 2~ 
alkyi-alkanols. Suitable 2~alkyl~alkanols are 2~foutyl~oetanoi 

is which are commercially available under the trade name Isofoi 12 

R:. 

Such suds suppressor system are described in European 
patent Application ES> 0 593 84 1. 

Especially preferred silicone suds controlling agents 
M are described in European Patent Application No. 92201649.8. 
Said compositions can comprise a silicone/ silica mixture in 
combination with fumed nonporous silica such as fcerosilR, 
The suds suppressors described above are normally 
employed at levels of from 0.001% to 2% by weight of the 
25 composition, preferably from 0,01% to 1% by weight, 

Other components used in detergent compositions may foe 
employed such as soil-suspending agents, soil-releasing agents, 
30 optical brightensrs, abrasives, bactericides, tarnish 
inhibitors., coloring agents f and/ or encapsulated or 
nonenca.psulut.ed perfumes < 

Especially suitable encapsulating materials are water 
soluble capsules which consist of a matrix of polysaccharide 
33 ana polyhydroxy compounds such as described in G8 1,464,616. 

Other suitable wafer soluble encapsulating materials 
comprise dextrine derived from wngolatinixed starch acid esters 
of substituted dicarboxylic acids such as described in US 



3,4&S,838. These acid-ester dextrins are, preferably, prepared 
from such starches as waxy maise, waxy sorghuis, sage, tapioca 
and potato. Suitable examples of said encapsulation materials 
include H-Lok manufactured by National Starch. The N-Lok 
s encapsulating material consists ox a modified mai?:c starch and 
glucose. The starch is modified by adding monof unctional 
substituted groups such as oetenyl succinic acid anhydride. 

Ant ir ©deposit ion and soil suspension agents suitable 
herein include cellulose derivatives such as methy ieeliuiose , 

10 carboxyncthylcellnicss and hydrexyethy ice 1 i close , and homo- or 
co-polymeric poiycarboxy lie acids or their of 
this type include the polyacrylat.es and maleic anhydride- 
acrylic acid copolymers previously mentioned as builders, as 
well as copolymers of malaic anhydride with ethylene, 

15 methyl vinyl ether or methacrylic acid, the maleic anhydride 
constituting at least 20 mole percent of the copolymer. These 
materials ate normally used at levels of from 0.5% to 10% by 
weight, more preferably form 0.78% to S%, most preferably from 
1% to 6% fey weight of the composition.. 

20 Preferred optical hrighteners are anionic in character, 

examples of which are dis©&iu» 4,4*~bis~(2~die.thanoiamino~4» 
aniline ~s~ triasin-6-yiamino) stiXbene-2 : 2 5 disulphonate, 
disodium 4, - 4 « -hi s- ( 2 -morphol ino-4 -anil inc-s-tr iarin~6~ 
yiam.lno-stiihene-2; 2 ' ••- disulphonate, di sodium 4,4* - bis- (2,4- 

25 dianiiino~s-triasin~6~yiamino}stilbene~2;2* ~ disuiphonate, 
monosod iu«a 4 ! ,4' ! - bis-<2, 4-aianiiino~s~tri™asin~S 
ylaroino) sst il bone- 2 ~su Iphonafce , hisodice 4,4 * -bis- ( 2~ani 1 ino-4 - 
{M~»ethy -hydroxyethyiamino) ~s~triaxi:n~6~ylamino) stilbene- 
2,2* ~ disulphonate f di -sodium 4,4* -bis- { 4 -phony 1 -2 , 1 , 3 - 

30 friasol~2~y I ) ~st. i v > oj - N I 1 dis s ho; it? li™so~diu.m 4, 4'bis{2- 
anil ino-4 - { .1 ~me t hy l~2 -hydroxy ethy lam i no) -s~tr lax i «~-6~y iami- 
no)stiihene-2, 2 'disulphonate,. sodium a (stilbyi™4 ? *~ (naphtho- 
1 ! , 2 1 i 4 , 5} -1 , 2, 3, - triasole-2 ' ! -suiphonate and 4 f 4'~bis{2~ 
suiphostyry] }fe.i phenyl. 

35 Other useful polymeric materials are the polyethylene 

glycols, particularly these of molecular weight 1000-10000, 
more particularly 2000 to §000 and most preferably about 4 000. 
These are used at levels of from 0.20% to 5% more preferably 
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from 0.25% to 2,5% by weight- These polymers and the previously 
jsentioned ho»o~ or co-polymeric poiy-carboxyiate salts are- 
valuable for improving whiteness maintenance, fabric ash 
deposition, and cleaning performance on clay, proteinaoeous and 
oxidiaable soils in the presence of transition metal 
impurities. 

Soil release agents useful in compositions of the 
present invention are conventionally copolymers or terpolymers 
of terephthaiic acid with ethylene glycol and/or propylene 
glycol units in various arrangements- Examples ©$ such polymers 
are disclosed in OS 4,116,885 and 4/711,730 and EP 0 272 033. A 
particular preferred polymer in accordance with EP 0 272 033 
has the formula: 

( cm ( pm > 4 3 } o v ?s ( poh) o . 2 5 [ t-po ) 2 . s (t~ 

PEC) 0 v 4 }T(P0H) 0 . 2S { (PEG) 43CH3) 0. 75 

where PEG is ~(OC2H4)0~» »Q is (0C3KS0) and T is 
(p00C€H4C0) . 

Also very useful are isodified polyesters as random 
copolymers of dimethyl terophthalate, dimethyl 
aalfoisoptothalate, ethylene glycol and 1,2 -propanediol, the end 
groups consisting primarily of suiphobenaoate and secondarily 
of mono esters of ethylene glycol and/or 1 , 2 -propanediol . The 
target is to obtain a polymer capped at both end by 
sulphobensoate groups, "primarily** , in the present context most 
of said copolymers herein will foe andcapped by sulphobensoate 
groups- However, some copolymers will be less than fully 
capped, and therefore their end groups may consist of monoester 
of ethylene glycol and/or 1, 2 -propanediol, thereof consist 
"secondarily" of such species. 

The selected polyesters herein contain about 46% by 
weight of dimethyl terephthaiic acid, about 16% by weight of 
I, 2 -propanediol, about 10% by weight ethylene glycol, about 13% 
by weight of dimethyl sulf ©benzoic acid and about 15% by weight 
of sulfoisophthalic acid, and have a molecular weight of about 
3,000. The polyesters and their method of preparation are 
described in detail in EP 311 342- 
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Fabric softening agents can also foe incorporated into 
laundry detergent compositions in accordance with the present 
.invention. These agents say he inorganic or organic in type, 
Inorganic softening agents are exemplified by the smectite 
s clay a disclosed in GB-A-I 4008&8 and in US S, 019,292, Organic 
fabric softening agents include the water inseiuble tertiary 
amines as disclosed in GB-Al 5X4 2?6 and BP o oil 34 0 and their 
combination with mono C12-CX4 quaternary ammonium salts are 
disclosed in EP-B-0 026 528 and di -long-chain amides as 
10 disclosed in EP 0 242 919. Other useful organic ingredients of 
fabric softening systems include high molecular weight 
polyethylene oxide materials as disclosed in EP 0 299 575 and 0 
313 2 46. 

Levels of smectite clay are normally in the range from 
15 5% to 15%, more preferably iron Si to 12% by weight, with the 
material being added as a dry mixed component to the remainder 
of the formulation. Organic fabric softening agents such as the 
water-insoluble tertiary amines or dilong chain amide materials:: 
are incorporated at levels of from 0.5% to 5% by weight, 
30 BOosaliy from 1% to 3% by weight whilst the high molecular 
weigbt polyethylene oxide materials and the water soluble 
cationic materials are added at levels of from 0.1% to 2%., 
normally from 0.15% to 1.5% by weight. These materials are 
normally added to the spray dried portion of the composition., 
25 although in some instances it may be more convenient to add 

them as a dry mixed particulate,- or spray them as molten liquid 
on to other solid components of the composition. 

30 The detergent compositions according to the present 

invention may also comprise, from o.ooil to 10%. preferably from 
0.01% to 3% f more preferably form 0,05% to i% by weight of 
polymeric dye- transfer inhibiting agents. Said polymeric dye- 
transfer inhibiting agents are normally Incorporated into 

33 detergent compositions in order to inhibit the transfer of dyes 
from colored fabrics onto fabrics washed therewith. These 
polymers have the ability of eomple.xi.ng or adsorbing the 
fugitive dyes washed out of dyed fabrics before the dyes have 
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the opportunity to become attached to other articles in the 
wash . 

Especially suitable polymeric dye-transfer inhibiting 
agents are polyamine N~ox.lde polymers, copolymers of N- vinyl- 
s pyrrolidine and K-vinylisddazoie, polyvinylpyrrolidone 
polymers, polyvi .nyloxasoiidones and poly vxnyliiTsidasoies or 
mixtures thereof. 

Addition of such polymers also enhances the performance 
of the enaymes according the invention. 

10 The detergent composition according to the Invention 

can be in liquid, paste, gels, bars or granular forms, 

Son-dusting granulates may be produced,, e.g. , as 
disclosed in US 4,106,991 and 4,661,452 (both to Novo Xndustri 
A/S) and may optionally be coated by methods known in the art. 

is Examples of waxy coating materials are poly (ethylene oxide) 
products (polyethylene^ lycol PEG) with mean molecular weights 
of 1000 to 20000; ethoxyisted nonyiphenols having from 16 to 50 
ethylene oxide units; ethoxylated fatty alcohols in which the 
alcohol contains from 12 to 20: carhoh atoms and in which there 

20 are 15 to 80 ethylene oxide units? fatty alcohols; fatty acids; 
and mono- and di~ and triglycerides of fatty acids. Examples of 
film- forming coating materials suitable- for application by 
fluid bed techniques are given in GB 1483591. 

Granular compositions according to the present 

25 invention can also he in "compact form'% i.e. they may have a 
relatively higher density than conventional granular 
detergents, i.e. for® SS0 to -950 g/1? in such case, the 
granular detergent compositions according to the present 
invention will contain a lower amount of "Inorganic filler 

30 salt", compared to conventional granular detergents? typical 
filler salts are alkaline earth metal salts of sulphates and 
chlorides, typically sodium sulphate; "Compact" detergent 
typically comprise not more than 10% filler salt. The liquid 
compositions according to the present invention can also foe in 

35 "concentrated form*, in such case, the liquid detergent 

compositions according to the present invention will contain a 
lower anoonf. of water, compared to conventional liquid 
detergents, Typically, the water content of the concentrated 
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liquid determent is less than 3 0%, more preferably less than 
20%, most preferably less than 10% by weight of the detergent 
compos it ions v 

The compositions of the invention may far example, be 
5 formulated as band and machine laundry detergent compositions 
including laundry additive compositions and compos itiOBS 
suitable for use in the pratreatment of stained fabrics, rinse 
added fabric softener compositions, and compositions for use in 
general household hard surface cleaning operations and 

10 dishwashing operations. 

The following examples are meant to exemplify 
compositions for the present invention,, but are not necessarily 
meant to limit or otherwise dot inn the scope of the invention. 
In the detergent compositions, the abbreviated 

is component identifications have the following meanings: 
MS; Sodium linear €12 alky I benzene ssulphonate 

T&S; Sodium tallow alkyl sulphate 

Xt&St Sodium C1X ~ C1Y alkyl sulfate 

SSs Secondary soap surfactant of formula 2 -butyl 

so octanoie acid 

25E¥i A Cia ~ CIS predominantly linear primary alcohol 

condensed with an average of V ssoies of ethylene oxide 
4SEVj A C14 - CIS predominantly linear primary alcohol 

condensed with an average of ¥ soles of ethylene oxide 

25 XYE'ZSi C1K ~ CIV sodium alkyl sulfate condensed with an 

average of z moles of ethylene oxide per mole 
Nonionic; C13 - CIS mixed ethoxylated/propoxylated fatty 
alcohol with an average degree of. ethoxy iation of 3,8 and an 
average degree of propoxylation of 4»S sold under the tradename 

30 Piurafax LF404 by BASF Gmbh 

CFAAi CIS - €14 alkyl N-methyl gi ucasu.de 

TFAAt C16 - CIS alkyl N -methyl gluoanide 

Silicate x Amorphous Sodium Silicate {Si03;ha20 ratio ~ 2.0} 

•NaSKS~6? Crystalline layered silicate of formula d-.da2Si205 

3S carbonate; Anhydrous sodium carbonate 
Phosphate: Sodium tripo.b b >sphate 

MA/ AA ; Copolymer of is 4 maleic/ acrylic acid, average 

|bt about an ,000 
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PolyacryXate; Poiyaerylate homopolymer with an average 

molecular weight of 8,000 sold under the tradename PA 30 by BASF 

mm 

Zeolite A: Bydrated Sodium AluMnosilicate of formula 
5 Nal2{AX02SiC2)l2. 27H20 having a primary particle size in the 
range from I to 10 micrometers 
Citrate : Tri-sodiuw citrates dihydrate 
Citric; Citric Acid 

Perborate? Anhydrous sodium perborate m-onohydrate bleach, 
io empirical formula NaB02.H202 

PB4; Anhydrous sodium perborate tetrahydrate 

Percarbonate; Anhydrous sodium percarbonate bleach of 

empirical formula 2Na2C03 . 3H202 

TAED i Tefraacetyl ethylene diamine 

IS Sodium earhoxymethyl cellulose 

DETFMPt Methylene triaudne penta {methylene phosphor* ic 

acid) , marketed by Monsanto under the Tradename Deques t 2 060 

PVP: Polyvinylpyrrolidone polymer 

EDDS; Ethylenediamine~N, H'-disueeinic acid, £S,S] isomer 

20 in the form of the sodium salt 

Suds suppressors 251 paraffin wax Mpt 50 «C ( 17% hydrophobic 
silica, 38% paraffin oil 

Granular Suds suppressor r 12% Silicons/silica, 18% sfearyl 
alcohol, 70% starch in granular €<&m. 
25 Sulphate J Anhydrous sodium sulphate 

HMWPEO ; High molecular weight polyethylene oxide 

TAH 25; Tallow alcohol ethoxylate {25} 



30 A granular fabric cleaning composition in accordance with 

the invention may he prepared as follows; 



Sodium linear C12 alkyi 6.5 
ben z e ne su 1 f o n a t e 

sodium sulfate 15*0 

35 Zeolite A 2§,0 

Sodium nitr i Xotr iacetate 5 . 0 

Enzyme of the invention 0.1 

PVP 0,5 
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TAED 3 . 0 

Boric acid 4,0 

Perborate 3.8,0 
Phenol sulphonate 

s Minors Up to 100 

A compact granular fabric cleaning composition (density 

800 in accord with the invention may be 

10 follows; 

45AS 8.0 

25E3S 2.0 

25E5 3.C 

25S3 3.0 

iS TFAA 3.5 

Zeolite A 17.0 

NaSKS-6 12,0 

Citric acid 3.0 

Carbonate ? . o 

20 Kft/AA 5.0 

CMC 0.4 

En ay me of the invention 0.1 

taed o.o 

Percar Donate 22.0 

25 US 0*3 

Granular suds suppressor 3,5 

water /minors Dp to 100% 



30 Mter^snt,,£xa%p,io,,,,|:i X 

Granular fabric cleaning compositions in accordance with 
the invention which are especially useful in the laundering of 
coloured fabrics were prepared as follows; 



LAS 10.? 
35 TAS 2.4 

~ 4.0 

45AS 3.1 10,0 

4 BE? 4,0 



o *M 12307 



67 



PCT/DK9*? i3$3 



25E3S ~ 3.0 

68 Ell 1.8 
25E5 - 8.0 

15.0 7.0 
10 

Citric acid 2.5 3,0 

Zeolite A 32.1 25,0 
Na-SKS~6 ~ 9.0 

MA/AA 5.0 5.0 

10 DETPMP 0.2 0.8 

Enzyme of the invention 0,10 0.05 

Silicate 2.5 

Sulphate 5.2 3.0 

PVP 0.5 

is Poly ( 4 ~ vinylpyridine) — K- - 0.2 
Oxide/eopolysser of vinyl ~ 
iwdasoie and vinyl - 
pyrrol istone 

Perborete i.o 

20 m^nol sulfonate 0.2 

Water/Minors up to 100% 

? | s Example IV 

Granular fabric cleaning compositions in 
2s the invention which provide "Softening through 

capability may be prepared as fellows: 

4 5 AS ~ 10.0 

IAS 7.6 

68 AS 1.3 

30 4SE? 4.0. 

25E3 5,0 

Coco-alky 1 -dimethyl hydroxy- 1.4 1.0 

ethyl assaoniuis chloride 

Citrate 5.0 3.0 
3S m~SKS~* ~ 11.0 

Zeolite ft ISiO 15.0 

MA/AA 4.0 4.0 

BETFMP 0.4 0.4 



m 



Perborate 






P e r carbo n a t & 






T&BD 




5,0 


Smectite clay 


10.0 


10.0 


s mmvEQ 




0,1 


Enzyme, of the invent io 


n 0, 10 


0.05 


Silicate 


3.0 


5.0 


Carbonate 


.10, 0 


10 . 0 


Granular suds suppress 


i.e 


4,0 


W CMC 


0-2 


0 . 1 



Water /Minors Up to 100% 



Heavy duty liquid fabric cleaning compositions in 
*s accordance with the invention may be prepared as follows; 

* m 

IAS acid form * 25, o 

Citric iM«3 5,0 2.Q 

25AS acid form 8,0 

20 25AB2S acid fona 3.0 

25AU7 8.0 

CFAA 5 

DETPMP l.o 1.0 

Patty acid S 

as Oleic acid ~ 1,0 

Ethanol 4.0 6.0 

Props nod i o I 2.0 6.0 

IhaysHS of the invention 0,10 0.05 

coco-alkyl dimethyl ■« 3,0 

30 hydroxy ethyl, awonium 
chloride 

Smectite clay ~ : 5.0 

WW 2.0 

/ Minors up to 100% 



In another embodiment f the present invention relates to 
use of the endoglucansoe of 1:he invention in the bio-polishing 
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process. Sio~Poiishing is a specific treatment of the. yarn 
surface which improves fabric quality with respect to handle 
and appearance without loss of fabric wettability. The most 
important effects of Bio-Polishing can foe characterized by less 
5 tu&z and pilling, increased gloss/ luster , improved fabric 
handle, increased durable softness and altered water 
ahsorfoency. Bio-Polishing usually takes place in the wet 
processing of the manufacture of knitted and woven fabrics. Wet 
processing comprises such steps as e.g. desiring, scouring, 

'JO bleaching, washing, dying/printing and finishing. During each 
of these steps, the fabric is more or less subjected to 
mechanical action. In general, after the textiles have been 
knitted or woven, the fabric proceeds to a desiring stage, 
followed by a scouring stage, etc . Desiring is the act of 

.is removing siae from textiles. Prior to weaving on mechanical 
Xtmm, warp yarns are often coated with slae starch or starch 
derivatives in order to increase their tensile strength. After 
weaving, the siae coating must be removed before further 
processing the fabric in order to ensure a homogeneous and 

20 waeh-pxoof result, It is known that in order to achieve the 
effects of Bio-Polishing, a combination of ceilulytic and 
mechanical action is required. It is also known that * super- 
softness" is achievable when the treatment with a celiuiase is 
combined with a conventional treatment with softening agents, 
It is contemplated that ass of the endogXueanase of the 
invention for hio-paiishing of celluiosic fabrics is advan- 
tageous, e.g. a more thorough polishing can be achieved. Bio- 
polishing may be obtained by applying the method described e.g. 
in WO 93/20278 , 

30 

sto&e~w* siting 

It is known to provide a "stone-washed" look {localised 
abrasion of the colour) in dyed fabric,, especially in denim 
fabric or jeans, either by washing the denim or jeans made from 
35 such fabric in the presence of pumice stones to provide the 
desired localised lightening of the colour of the fabric or by 
treating the fabric enzymaticaily, in particular with 
ceilulytic en»y»«s. The treatment with an endoglnoanase of the 
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present invention nay be carried out either alone such as dis~ 
closed in US 4,83 2,864, together with a smaller amount of 
pumice than required in the traditional process, or together 
with perlite such as disclosed in WO 95/0S225* 

s 

Pulp ana taper application® 

In the papermaking pulp industry, the endoglucunase of 
the present invention may he applies advantageously e.g. as 
follows: 

- debarking: pretreatmert with the endogiucanase 
may degrade the cambium layer prior to debarking in mechanical 
drums resulting in advantageous energy savings. 

- For def it-ration; treatment of a material containing 
esllulosic fibers with t , * v. , ise prior to refining or 

is heating may result in reduction of the energy consumption doe 
to the hydrolysing effect of the oeliulase on the interfibre 
surfaces, Use of the endoglucanase nay result in improved 
energy savings as compared to the use of known enzymes, since 
it is believed that the enzyme composition of the invention may 

20 possess a higher ability to penetrate fibre walls. 

For fibre modification . i.e. improvement of fibre 
properties where partial hydrolysis across the fibre wall is 
needed which requires deeper penetrating enzymes (e.g. in 
order to make coarse fibers more flexible) . Deep treatment of 

;>s fibers has so far not been possible for high yield pulps e.g. 
mechanical pulps or mixtures of recycled pulps. This has been 
ascribed to the nature of the fibre wall structure that 
prevents the passage of enryme molecules doe to physical 
restriction of the pore matrix of the fibre wall. It is 

30 contemplated that the present endoglueanase is capable of pen- 
etrating into the fibre wall, 

- For drainage improvement- The dr a inability of 

paper making pulps may be improved by treatment of the pulp with 
hydrolysing enzymes, e.g. eellulasas. use of the present 
3S endog ucanas ma* b< men Efe five c g result - j big? r 
degree of loosening bundles of strongly hydrated micro-f ibrils 
in the fines fraction (consisting of fibre debris) that limits 
the rate of drainage by blocking hollow spaces between fibers 
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and in the wire mesh of the paper machine , The Canadian 
standard frsenass (CSr) increases and the Schopper-Riegler 
drainage index dscreasas when palp in subjected to eellulase 
treatment, see e.g. US patent 4, 923,565; TAP PI T227, SCAN 
5 CX9:S5.ence« 

~ for inter fibre handing, Hydrolytic enzymes are 
applied in the manufacture of papermaking pulps for improving 
the inter fibre bonding. The enzymes rinse the fibre surfaces 
for impurities a.g, caiiulosie debris, thus enhancing the area 

10 of exposed cellulose with attachment to the fibre wail, thus 
improving the fibre-to-fibre hydrogen binding capacity, This 
process is also referred to as dehornif ieation. Paper and board 
produced with a eellulase containing enzyme preparation may 
have an improved strength or a reduced grammaga, a smoother 

is surface and an improved print-ability < 

- For enzymatic dalnking. Partial hydrolysis of 
recycled paper during cr upon pulping by use of hydroiysing 
enzymes such as celluiases are known to facilitate the removal 
and agglomeration of ink particles. Use of the present 

20 endoglucanse may give a more effective loosening of ink from 
the surface structure due to a better penetration of the enzyme 
molecules into the fibrillar matrix of the fibre wall, thus 
softening the surface whereby ink particles are effectively 
loosened. The agglomeration of loosened ink particles are also 
improved, due to a more efficient hydrolysis of cellulosic 
fragments found attached to ink particles originating from the 
fibres, 

The treatment of iignoceliulosic pulp may, e.g., he 
performed as described in WO 91/14819, W> 91/14823, WO 92/17573 
30 and. WD 92/18688. 

degradation of Plant Material 

In yet another embodiment, the present .invention 
relates to use of the endogluoanase and/or engymr preparation 
according to the invention for degradation of plant material 
e.g. cell walls < 

it is contemplated that the novel endoglueanase and/or 
enzyme preparation of the invention is useful in the pre- 
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pa rat ion of wine, fruit or vegetable juice in order to increase 
yield, th we.nti< a> *lso 

I ' ^ * > e t of varic ^t , * % 

derived materials or waste materials, e.g. agricultural 
S residues such as wheat-strew, corn cobs, whole corn plants, nut 
shells, grass, vegetable hulls, bean hulls, spent grains, sugar 
beet pulp, and the Lisa, The plant material may be degraded in 
order to improve different kinds* of processing, facilitate 
purification or extraction of. other components like 
10 purification of beta-gluoan or bsta-glucan oligomers from 
cereals, Improve the feed value, decrease the water binding 
capacity, improve the degradability in waste water plants, 
improve the conversion of e.g. grass and corn to ensilage, etc, 

m the invention is further illustrated in the following 

examples which are not intended to be in any way limiting to 
the scope of the invention as claimed, 

MATERIALS AUD METHODS 
C«liuiolftio festivity 
20 The celluiase variants of the invention show improved 

performance, Some of the variants may show improved performance 
with respect to increased catalytic activity. 

In the context of this invention, ceilniaoe activity 
can be expressed in S-CBVU, Ceiiuioiyt. io enzymes hydro iyse CMC, 
25 thereby increasing the viscosity of the incubation mixture. The 
resulting reduction in viscosity may he determined by a vibra- 
tion viscosimeter (e.g. MXVI 3000 from Sofraser, France), 

Determination of the eeliuiolytic activity, measured in 
terms of S-CEYU, may be determined according to the following 
30 analysis method (assay) ; The S-CEV0 assay quantifies the amount 
of catalytic activity present in the sample by measuring the 
ability of the sample to reduce the viscosity of a solution of 
oarboxy--methyiceliuiose (CMC) . The assay is carried out at 
•4© < *C? pH 7,5; 0.1M phosphate buffer; time 30 min; using a rela- 
ys tive emsyme standard for reducing the viscosity of the CMC (car ~ 
boxymethylceliulose Hercules ? LFD substrate; ensyme concern- 
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trafion approx, Otis S-CEVU/nj , The arch standard is defined to 
8200 S-CEVO/Cf. 

EXAMPLE 1 
s Preparation of celialase variants 

Based on the disclosed sequence alignment (Table X) and 
computer modeling method, position 119 was identified as a 
part 5Ulai point interest fo; tking ceiklas< variants. 
Position 119 (celluiase numbering) is located within 3 A from 
10 the substrata. In position 119 the wild-type Basdcole insol&m 
celluiase holds a histidine residue (H) , whereas the wild-type 
Thi&lavia terr&sttris celluiase holds a glutasdne residue (Q) , 

In this experiment, histidine was substituted for 
giutamne in the Thi&lavia t&rrestris celluiase (thereby 
is obtaining the celluiase variant Thielavia terras tris/Ql tm ) . 
The variant obtained was tested for specific activity. 

All Humicola xnsol&ns variants are, unless otherwise 
stated, constructed by application of the Chameleon™ Double- 
stranded, site-directed Mutagenesis kit, from stratagene. The 
20 following synthetic oligonucleotide were used as selection 
primer; 

S/M aiUtTGACTTGGTTGACGCGTCACCACTCAC, or 

M/S GAATG ACT! GGTTG& GT A C T C A C C A G T C A C . 

S/M replaces the Seal site in the beta™ lactamase gene 
25 of the plassud with a Mlul site and M/S does the reverse. The 
later is used to introduce secondary sanctions in variants 
generated fey the first selection primer. 

For construction of Thielavia £ err est is celluiase 
variants, the Thi&lavi® tarrestis m V celluiase eDKfA 
30 obtainable from the plasmid deposited as DS8 10811 was used. 
DSK 10811. was deposited at the Deutsche Samniung von 
Mikroorganisssen und Zelikultursn or 30 June 1995 according to 
the Budapest Treaty. The plssmid was digested with the 
restriction endonuelsases BamHX and Not! The 4153 fop vector 
35 part and tbeiail fop Ba«HX~NotX fragment were isolated. Equal 
portions of the 1211 bp fragment were digested with 
respectively HgiAX and EcoRV and the 48? bp BasSHI - HgiAI and 
690 bp BcoKV- Mctl fragments were isolated > 
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These fragments and the vector part were iigated in the 
presence of 5 fold molar excess of a synthetic DNA fragment, 
resulting from the annealing of two single stranded DNA 
oligomers; 

S 18802 i CACTGGCGGCGACCTGGGATCTAACCACTTCGAT 

IS 8 03 : AICGAASTGGT'TAGATCCCAGGTCGCCGCCTGTGCTC 
The ligation mixture was transformed into E, coll 
strain XLl, and from the resulting trains f ormants Thiel&vist 
terrmstris/QXWU was Isolated and verified by DNA sequencing. 

10 All the cellulasa variants ware produced by cloning the 

gene and transforming the gene into Aspergillus orysae using a 
plasraid with the gene inserted between the fungal amylase pro- 
moter and the AMG terminator from A. niger. [Chris tens-en, Ti 
Wold ike, H< Seel, E» « Mortensen, s. B, , Hjortsh«j» K. , Thim, L> 

U and Hansen, K.T> {1988} Biotechnology 6: 14XS-1422). 

The ealiulasss with a cellulose binding domain CSO ware 
purified by exploiting their binding to Avicel. The cloned 
product was recovered after fermentation by separation of the 
extracellular fluid from the production organism. The cellulase 

m was then highly purified by affinity chromatography using 150 
gram of Avicei in a slurry with 20 m sodiumphosphate pK 7.5, 
The A vice, i slurry was mixed with the crude fermentation broth 
which in total contains about l gram of protein. After mixing 
at 4« C for 20 rain, the A vice! -bound enzyme is packed into a 

25 column with a dimension of SO times 200 mm about 400 ml total. 
The column is washed with the 200 mi buffer,, then 
washed with 0.5 M HaCl in the same buffer until no more protein 
e lutes, and washed with 500 mi buffer (20 raM Trie pH 8.5} . Fi- 
nally the pure full length ®nzym* is ©luted with 1% Triethy™ 

30 lamine pH 11. g. The elated enryme solution is adjusted to pH 8 
and concentrated using a Amicon cell unit with a membrane DOW 
CRSiPP (polypropylene with a cut off of 20 KD) to 5 mg protein 
per mi, The ensytses have ail. been purified yielding a single 
band on SDS-PAGE, 

35 Celluloses which natural lack CED or the linker has 

been proteolytic cleaved or in which the CBD has been removed 
by introducing a stop eodon after the catalytic domain, cars not 
be purified using Avicel. The extracellular proteins are recov- 
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ered free from the production organise The core cellnlases 
were purified free of Aspergillus proteins by cation exchange 
chromatography. The f sr»tation broth was adjusted to pH 3 , 5 
and filtered to remove the precipitating proteins. Then* the 
proteins were ultra filtrated (concentrated and washed with wa- 
ter) on a DOS? GR& ipp membrane with a cat off S m until the 
conductivity of the eluate is below 1000 mS/em. The sample was 
finally applied to a S~Sephu.ross column equilibrated with a 20 
citrate buffer pH 3.5 ... 

The ensyme will bind to the S-Sepharose at this low pH 
and it is elated as a single peak using a Had gradient from 0 
to 500 m. The eluted pure ensyme was concentrated on a mi con 
cell with the DOW QmiPP m^brane. All purified cellulases gave 
a single band in SDS-PAGE. 

The specific activity data are summarised in the fol- 
lowing table; 



«nt 


Specific activity™"" 

m 


h umx co la ihsolsns 


- - m . - j 






* * » tris/Qum 


m 



From this experiment it is seen that by introducing the 
20 mutation QX19H into the Thielavi* t&rr&sstris eeliulase, the 
specific activity if the resulting ceiluiass variants vas 
increased to the level of that of the homologous mmicol* 
insolens cellula.se. 



25 EXAMPLE 2 

Thieiavia tmrrestris variant with improved alkaline performance 
profile 

In this experiment the ThieUvia terres tris /yl 19D was 
icted as described in example 1 but using the following 
30 construction : For easy cassette swap and standard primer uti li- 
gation,, the CTI encoding OKA was furnished with a C~f ermine! 
Xbal site and subcloned into the pCaHj418 vector as described 
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below. FCTX was used as template in a Pwo polymerase. PCR, 94 
C2* -3x{94 C,3G« - 72 C, 1 * ) ~2Sk' { 94 C,30» - 55 C, 30" ~ 72, C 1 ! ) 
-72 C,5* applying the two primers 
8939: CCACTTCHATGTCCaGTCGG 
S 25335; GCGCTCTA6MGATTAAAG<^<SKSC 

The resulting 713 bp PCP product was digested with Sail 
and Xbal and the 165 bp fragment was isolated > This fragment 
was ilgated together with the 83 3 bp BamHX-S&ll fragment from 
pCTl~2 into the 4,1 Kb Xbal-BamHl vector fragment of pCaBj4X8. 
M prom this ligation pCT1418 was isoitated from E.coli 

trans formants . 

PCT2 was constructed by the Chameleon™ Double - 
stranded, site-directed Mutagenesis tit (from stratagene} as 
described above, with pent 4 is as template, the S/M primer as se~ 
is lection primer and the following mutagenic primer; 
1093 3 0 J CGACC^TGSGATCGAACCACyTCGATATCGCCATGC 

A succesfuily mutated plasmid pCT2 was isolated., veri- 
fied by OHA sequencing and transformed into Aspergillus orysae 
strain daE228, 

m Tha Thielavia tvrrestris celluiase and the Thiel&via ter~ 

r&stris /Q119D variant was tested for activity towards PASC as 

described in example 9 at pH 7,0 and pu 10,0. 

The results are presented in the table tee low which shows 

the activity at pHIO compared to the activity at pH ?, This 
2* demonstrates that the Th.i®le*vi& t&rrastris / Q119D variant has 

relatively more alkaline activity as compared to the parent 

T'h i el a vi ate rres t ri s . 





Relative activity 
pK 10 /pB 7 


Th i.:\i::V: tC fTfiS t X.3. S 




s re Ql 190 


62 



30 EXAMPLE 3 

Construction of a eeilnlassa hybrid variant 
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The plasmid pCT3 embodies DHA encoding the Thi&lavia 
t^rr&Btris «ndogluc&nase core enzyme and followed by the linkex 
CBD of Ptnxleoia grisea* 

pCT3 was constructed by sssass of sequence overlap e>:- 
s tension PGR, applying PttfO polymerase. 

From a cWh clone of Humivola grisea a 415 bp fragment, 
was generated by the following primers; 

109452; GGACTCCAGeTTCCeCGl CHICAGO CCCCC 

1 0? SIS; CGAaCl^CTAGATCl^CGACTAGAGGCAClQGQAG 
jo Frosa pCT!418 ^disclosed in example 2) a 876 bp PGR 

fragment was generated by the following primers t 

1 0 1 6 2 1 i GGATGCCATGCTTGGAGGAT&GCAACC 

3 07823? GGGGGGGTGAAGACGGGAAGCTGGAGTCG 

For both reactions the following set up was used: 95 
15 __C, I s - 3X{94_C. 30«~ 50 C , 1»- ?2 m C, 1«> - 2Sx{94_C, 30 s * »: 
mjS, 30"- 72 j£, I s ) ~ ?2 m C, 7», 

The isolated PCR fragments were applied as template in 
an assembly PCR reaction with prisaers 101621 and .107819;. 
94jZ,l l - 3x( 94_C, 30" - 70 j£ f V * ?2 J, 2'} - 20St{94 _C, 
20 30* - 61 _ C, 30» - 72 _C, 1,5"} - 72 JZ f 7*. The resulting 
1261 fep PCR product was isolated cot by restriction enzymes 
$».mHl and xfoal and the resulting 1172 bp DMA fragment was iso- 
lated and iigated into the 4.1 k.h vector fragment of SasnHl ~ 
Xbal digested pc»Hj4l8. 
as Correct clones ware isolated and verified by DNA se- 

guencing of plasmids isolated from B. eoli XL1 transf ormants 
resulting above ligation reaction, 

cDHA sequence of Bumicola grisea; 

30 cmGAd\CCTCACACTCATtTTATTGACGCTCAT1!TATTCTAAA^CTTGAATATGCGCTGTG 
CTCCTATTTrcCGCACGGCCCTGGCGGC'fGGGClCCCCCTTGCCGCACTCGCCGCCGATGG 
CAAGTCGACGAG^TACTGCGACG'GCTGCAAGCCATGGTGGTG'TTGlSCGCGGAAAGGCACTC 
GTGAACCAGGCTGTGTTCACTTGCGACGCCAAATl^CAGCGCATCACCGACCCCAATACeA 
AGTCGGGC rGCGATCWSCGGCTCSG < TG GCTGACCAGACCCCCTGGGCTCTGAA 

3S CGACGATGTCGCCTAI'GGClTCGCTGCCACGGCTATT'rCGGGTGGATCGGAAGCCTCGTGG 
TGCTGCGCATGCTACGCTC^TACTTTCACCTCGGGCCCTGTGGCCGGCAAGACCATGGTCG 
TGCAGTGGACCAACACCGGCGGCGATCTCGGCAGGAAGCATTTCGACCTCCAGATTCCAGG 
CGGCXGTGli:GGGATC f ?TTGAlGGGTGCACCCCGCAGTTCGGAGGTCTCGCTGGCGAACG(:: 
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TACGGTaGCAI'CTCAG^CCGOAGCTCCTGCGACTCGTTCCCTCCCvGCCO'CAAGCCCGGCT 
GGCTCTGGCGCTTGGATTGGTTCAAGAACGCCGACA^CCCGACCTTI'ACCTTCAAGCAGGT 
GCAGTGCGCCGCeGAGGTlWrGCCAGGACCGGCTOGAAGCGGGAGGATGACGGGAAGTTC 
CCCGTCTTCACGCC^CCCCGCGGGTAGCAACACCSGCGGfAGCGAGTCGAGCTCCACTATCG 
S CTTCCAGCTCGACC'rCCAAGGCTCAG&CITCCGCCGCCAGCrcCACCTCCAAGGCTGTCGT 
GACTCCCGTCTCCAGCTCCACCTCGAAGGCCGCTGAGGTCCCCAAATCCAGCTCGACCTCC 
AAGGCTGCCGAGGTCGCCAAGCGGAGCTCAACTT - < X5ACCAAG6 

T CA GCTG C'TCTG C G A CCGG T G G CT C Cl'GCGTCGCTCAGAAGTGGGCGC AGTGCGG CG G GAA 
TGGCTTCACCGGCTGCACG'rGGTGGGTCAGGGGCACCACGTGCGAGAAGGAAAATGACTGG 
10 TACT< } r * \ v &TGAGGGA 

1 1 sAGTAVT 

T A C G C ATTCG CTTCTT G T A GG AAAAAAAAA.AAAAAAAAAAA 



EXAMPLE 4 

is Construction of variants of & hfhM ealiulaase 

The plasmid pPsF45 embodies DMA encoding the Pseudo- 
manas ceZlolytica andoglucanase cor© ensyme headed by the B, 
in&olvns EGV andogiucanase signal peptide and followed by the 
linker C8D of same enssyae. 

^ variants of this hybrid ensyae were constructed by 

aeane of the above-mentioned Sfcratagene Chaaeleon® kit: 
PsF45/H15S, and PsF45/QH9H (cellulas* numbering) by applica- 
tion of the following mutagenic primers 

2S PSF4S/H15S; GCTGCAAGCCGTGCTGTGGCTGGAGCGGTAACGTGCCCGCG 
PsF4 5/Q11 9H : eGATGTTTGCGG&GGGCACTTTGAGATTCTGGTTGC 



30 Deviations from template sequence are indicated in ht»te typ«> 

The selection primer was converting the unika seal site 
in the lactamase gene of the plasndd to a Mini site: 

GAATGACTTGGTTGACGCGTCACCAGTCAC 
The two variants were verified by DKA sequencing and one cor- 
3& rect version of each variant was identified. 

The two pla.eai.ds esshar boring the variant sequences 
PPSP4 5H1SS and I5FSF4 5Q119H were used to transform &. orysae 
strain JaL14 2 together with the AMDS selection piasmid pTcC202. 
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Froai the resulting transf ormants LaC2829 and LaC 2 830 were iso- 
lated after 3 reisolatlon steps via spores, 

EXAMPLE 5 
s R«o?ri of di*ttlfta« bridg** 

Disulfide bridges are known to stabilise protein struc- 
tures. The removal of disulfide bridges in a csllulase will 
destabilizes the enzyme {thermostability} while retaining sig- 
nificant activity. This can fee useful in applications where a 

10 fast inactivatiors of the enzyme is preferred, e.g. in denim or 
textile applications or for iou temperature processes. 

In th » < ^ ?.s nolens 3 ulase and 

five variants of u'ssieols Insoie.ns csllulase were constructed 
mutating either one or both residues involved in a disulfide 

is bridge. - The specific activity was measured as disclosed under 
Materials and Methods. The melting temperature of the enzymes 
were measured using Differential Scanning Calometry,. DSC. DSC 
was done at neutral pH (7.0) using a MioroCalo Inc. MC calo- 
rimeter with a constant scan rate and raising the temperature 

20 from 20% to $©*c at a rate of 9Q<'£ per hour. 

The results are presented in the table below which 
shows that removal of a disulfide bridge leads to a variant 
with a significantly lower melting temperature but retaining 
significant activity, 



as 





Specific ac- 
tivity 

E%1 


Mel1 .-iTTesp. 
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- , v i inrolsns 


m • 
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mmicoia h>^/^/C^g7'C4W 


IS 




Bum! col a insol ens / C 1 ; v , c * 7 c 


— M — 


1 


umi< i oiens/C47< 




57.3 


Humicol* insolensf czm, ciSws 


m 


m*4 


v, C8M3" 


103 


59,2 



EXAMPLE 6 

Mutation of oonserwS resiawii in thm hiding ©left <si from 
sufeatjr&te 

When comparing the positions within a distance of 
8 froaj the substrate to the sequence alignment in Table 1 the 
type of amino acid residue at these positions are conserved in 
the aligned eellulases for the following positions % 6, 7, 8, 9, 
10, IX, 12, 18, 45, 112, 114, 121, 127, 128, X3D, 132, 147, 
148, 149. conserved residues are normally thought to fee ex™ 
10 treacly important for the activity, but the inventors have 
found that a certain variability is allowed while maintaining 
significant activity. Only the two residues 01 o and D12X 
(cellulase numbering) are nessesary to maintain reasonable ac- 
tivity, 

iS Variants of the Humicolst insojmns EGV cellulase were 

prepared and the specific, activity was measured as disclosed in 
Materials and Methods, 

The type of mutations and the variants specific activ- 
ity are summarized in the following table; 



Variant 


; t v i t y 
l%] 


Mimical® insol&ns 
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Humi col, a ins o j ens fT&S 


34 


WR7X 
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•• ro-' this experiment it is seen that mutating conserved 
residues in the binding cleft can be performed while retaining 
significant activity of the eeiluiase variant.. 

EXAMPLE 7 

M«tatioa of non-conserved residues i» the binding cleft < 5& 
from the substrate 

Based on the sequence alignment in Table 1 and the die™ 
10 closed computer modeling method the following residues locates* 
within a distance of si from the substrate and not being con- 
served amongst, the aligned sequences in were identified as 
points of interest for making eeiluiase variants. 

In this experiment non-conserved residues located no 
•IS more than 5A £ro;« the substrate were modified in the if ami cola 
insolens EGV celiuiase and the specific activity was measured 
as described under Materials and Methods, 

The type of mutations and the variants specific activ- 
ity are summarized in the following tablet 





Spec i : ! i c - • s v ity 

m 


Hum! col a 1 nsol ens 


100 


"' i , m icola '5 


7.3 


R4Q 


70 




37 


.lumicoia xnso 1 a ns / Kl 3£ 


100 


H u c i. co ia ins o j &ns/K13Q 


38 


Hu/fiicc-ie i;rsoienc/P!4A 


9& 



82 



HU::-l col a irrsolitrjc./ i- 14T 


71 


Itomxeola i nsol ess / S 1ST 


is 


- co <: a r — t ens / S 1 SH 


10 


- i.' . ; . ••<:<. , .C16M C86G 


" 183 ' 




51 


! ' J - \ i'l 


B4 


; > a ! 


78 


Huj/ueoJ a i nsol en s / hi 9 s 


89 


M«ehX:J • re 'K20G 


91 


h,j::et. * , 


tm 


Hnmi col a ,:■ s ol ens / 04 2« 


103 




48 




m 




71 


mimical® xns&lens/MWt H$>* 


88 




79 


Bussi cola in&olGii&f S 1 1 ON 


94 


i taai col a ins ol &ns ft i IS X 


18 




71 


mimical® inso2erts/uiim 


m 


mimical ® Insolams /HI 1 9Q 


3 9 


- "1 13F 


11 


KI.7JL ? * 


61 


- , > - . . ! ' 


80 




n 




8 




88 


' J u jsi c o 2 a ins d i. e n s / V X 2 3 


72 


mimical® insal&nsf $133® 


102 


*■ - N N 


81 



from this axpsri^snt it is seen that most of the non- 
conserved residues in the binding cleft can foe mutated while 
retaining all or most of the activity of the cel.lulase. 

5 



EXAMPLE 8 

Ess&i stance to anionic surfactants in detergent 

A, Variants of the present invention may stow improved 

5 performance with respect to an altered sensitivity towards ani- 
onic tensi4es« Anionic tens-ides are products frequently incor- 
porated into detergent compositions. Unfolding of ceiluiaaes 
tested so far, is accompanied by a decay in the intrinsic fluo- 
rescence of the proteins. The intrinsic fluorescence derives 

SO from Trp aide chains {and to a smaller extent Tyr side chains) 
and is sensitive to the hydrophohicity of the side chain envi- 
ronment. Unfolding leads to a wore hydrophiiic environment, as 
the sic a -chains become more exposed to solvent., and this 
quenches f 1 core scenes , 

is Fluorescence is followed on a Parkin /Elmer' m LS-50 lumi- 

nescence spectrometer. In practice, the greatest change in 
fluorescence on unfolding is obtained by excitation at 280 m 
and ©mission at 345 nm< Slit widths (which regulate the magni- 
tude of the signal} are usually 5 rm for both emission and 

20 citation at a protein concentration of 5 ptqfnl. Fluorescence is 
measured in 2-ml quart?, cuvettes thermostattsd with a circulat- 
ing water bath and stirred with a small magnet , The magnet- 
stirrer is built into the spectrometer. 

Unfolding can be followed in real time using the avail- 

25 able software. Rapid unfolding (going to completion within less 
than S-10 minutes) is monitored in the TimeDrive option, in 
which the fluorescence is measured every few {2-5} seconds. For 
slower -unfolding, four cuvettes can be measured at a time in 
the cuvette-holder using the Wavelength Program option,, in 

30 which the fluorescence of each cuvette is measured every 30 

seconds. In all cases, unfolding is initiated by adding a small 
volume (typically 50 ui) of concentrated enzyme solution to the 
thermostatted cuvette, solution where mixing is complete within 
a few seconds due to the rapid rotation of the magnet, 

•35 Data are measured in the software program GraphPad 

Prism, Unfolding firs in all oases to a single-exponential 
function from which a single half-time of unfolding (or unfold- 
ing rate constant) can be obtained. 
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Typical ant tic; xs v.! corxi x ti ons sre: 
s. 10 m CAPS pH 10, 1000 ppr IAS, 40»C 
b, 10 ~X KEPES pH s 200 pp* LA, 2S»C. 

In tooth cases, the protein concentration xs 5-10 pg/ru 
s (the protean concentration xs not crucial , as LAS is in sx~ 
cess} - Under those conditions, the unfoiaing of Huadcola inso~ 
lens eeilolasss can be cctsparsd with coder enzysss 'Table 1}. 
This ena&iss as to draw op she ftdiowxno ranking order for sta- 
bility against anionic tensi.de-: 





ts; pH 10 {S> 

;iooo ppm last ^o"C) 


X^i pH 7 isi 


coxa xnsoiens 








63 




This.;av\xs zurrestrxs 


370 


Mb 




1100 





« Unioldinp xo double-exponent ia i .. Tne of the slower phase 
is is appro:-: - 110 sec , 



E. Tee alteration of the. surucs erect rostat xes of an 
erisyoa will influence rlxo sensibility onwards anionic tsnsides 
such as LAS {linear alky Ibenoenesulionate; . Especially variants 
whore positive charged residues have bsev, removed and/or nega- 
tively charged residues have &een introduced wxll increase the 
racist an v tro- 

duct ion of positively charges residues and/ or tne removal of 
negatively charged residues will lower the resistance towards 
: LAS. The residues hrg <R) , Lys IK) and His iH: are viewed as 
positively or potentially positively charged residue and roe 

- so r xes sitic aires xinxnc of 



wo wtzw 



8 5 



these residues are the primary target for mutagenesis, secon- 
dary targets are positions which has oss of these residues on 
an equivalent, position in another cellui&se, and third target 
are any surface exposed residue. In this experiment wild type 

ellulase txi< « ^ d to Hi oi in- 

solens ceilulasa variants belonging to all three of the above 
groups, comparing the stability towards LAS in detergent, 

Celluiase resistance to anionic surfactants was measured 
as activity on PASC (phosphoric acid swollen cellulose) in the 

10 presence of anionic surfactant vs. activity on PASC in the ab- 
sence of anionic surfactant , 

The reaction medium contained 5,0 g/I of a commercial 
regular powder detergent from the detergent manufacturer KO$h 
Denmark. The detergent was formulated without surfactants for 

is this experiment and pH adjusted to pB 7,0. Further the reaction 
medium included 0,5 g/1 PASC and was with or without 1 g/1 LAS 
(linear aikylbengenesulphonate} , which is an anionic surfac- 
tant, and the reaction proceeded at the temperature 30*C for 30 
minutes, Celluiase was dosed at 0,20 S-CEVU/l, After the 30 
minutes of incubation the reaction was stopped with 2 N MaOH 
and the amount of reducing sugar ends determined through reduc~ 
t i on of p-hydroxyhenzoic acid hydras ide. The decrease in ab- 
sorption of reduced sydr; i i svdras de relates to 
the celluiase activity, 

25 The type of mutation and the resistance towards LAS for 

variants with increased LAS resistance is summarised in the 



foil awing table ; 



Variant 


Relative bAS 




resistance 




[%} 




100 


ium i K'S8E 


341 


Htr* ?c i e.ns/VSF ; W62E f A162P 


; !'■:) 


tfumirohx , M62P 


i -x ; 


Mi mi zc. 1 > ins la; s PS ~8C 


222 


MurvJ. col a i nso I. ear / S 1 5 2D 


161 







• - i 1 ~ 


351 ] 




344 




148 


Humi^l ITeris V8f ( W62£ ? R252L;y280F 


; n 


Nicola 1 


TH 


HuHcSIa Mi5aiHi?-«62E7n62¥ v " ~ 


m. 


Humicola tns i £ ; A162P 


"' "129 


Numol -s i v.noi /si i? D 


" IT- 


.. « ' • , , ' ■ ■ 




Him I col a m s ol en s/KiS4 0 


TY7 


K .v. 0163P,A162P.R196E 


134 


mm this table it Is seen that mutations of residues 
resulting in the removal of positively charged residue and/or 
the introduction of a negatively charged residue increase the 
resistance towards 

m described above the type of mutation and the resis- 
tance towards LAS for variants with decreased LAB resistance is 
sxnraariased in the following table: 


variant 


liei it 
resistance 
[%] 


< * > s > $ >2&ns 


100 


Humicola insoi ens/ yjoh ~"~ 


71 "I 


S&ffii cTl TTnsoi ens 7x1921? 


52 


feilcoYa ;nsoiers/Dl6XP,A162P 


64 


tooia i - n ,l 


m 


Huaicoia insoless/Q36T,DS7T 




mmicoia insoIenn/06*N 


m 


m: ; i77:::ITl^o7cVii7D67« 


" 7i • 


HusUcol* xK^Ienl/mAR — — 


| SB 


Icol* inso: ens / N 6 t» a - ~ 




Ha^icoIF'insD2ens/T93R ~~ 


60 


Hwxrola insoiens/Q3Sl\D€7?,A83T " 


6e 


mtidcola insoiens/S91Q 


Jt 


Btxmicol* insolans/kiZW 


63 



wo mamr? 





6? 




62 


RSiieoia insoiens/R4H f A63H, N65B, DS7R 


54 


Rubeola ; -:s>uio- 013 3K 


0 


Hum .< co 1 a i nco i e <• s / 0 5 1 A 


15 


Hume nsol h> '}■> 


39 


H >.:*.;; cola i as o J. ens/A63R 


3 8 


. J 58A 


6 


! " i 


32 


Hnmi col a Xnsol ens / 02 K 


43 


A, s\> ^ >- £ 


40 


iteaicola ii>«ole«s/T136D, G1.41R 


5 


* - o ti4li 


1? 


Humi col a i n s o 1 e n & /Y147R 


1 


.^cc ice ; a i f-so J ens/Dl&lF 


35 


;■ •; ;?> i r: :> 1 a • :f>. , ;.' o 1 e R S / 1 ) 6 & P 


40 


Humicola insolens/m&k, D6?f 


39 


i/u ..» co i a i nsol&ns/m'n , * 14 3 HOT 


? 


Russiooia insol e«s/Q361\ D67T, *143iGT 


0 


ISisI coda insolen* / N65R , 067R f S76K 


22 


IRroi coll .S5^^si./^621R 


25 


iusiccda - Sil ?R ( FX20R 


31 


Sumico i KiiR 


16 




0 



From this tabl<* it is seen that mutations of residues 
resiilti.no- in the introduction of positively charged residue 
and/or the removal of a negatively charged residue decrease the 
5 resistance toward;;; LAS. 



Alteration of pH activity profile 

The pH activity profile of a celloXase is governed by 
10 the pH dependent behavior of specific titratable groups, typi- 
cally the acidic residues in the active site. The pM profile 
can fee altered by changing the electrostatic environment of 
these residues, either by substitution of residues involving 
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charged or potentially charged groups such as Arg (R; , Lys iK) f 
Tyr (Y), His {Hi, Giu {E5 , Asp (D) or Cys <C> if not. involved 
in a disulphlde bridge or by changes in the surface accessibil- 
ity of these specific titratabls groups by mutations in the 
s hiding cleft within 5A of the substrate. 



ants of Humicola insolens cellulase involving substitution of 
charged or potentially charged residues have been tested for 
activity towards PASO at pu ? and pH 10, respectively. 

10 I » order to determine the pK optimum for eeilulases wo 

have selected organic buffers because it is common known that 
e.g. borate forms covalent complexes with mono- and oligo- 
saccharides and phosphate can precipitate with Ca-ions. In DATA 
FOE BIOCHEMICAL RESEARCH Third Edition OXFORD SCIENCE 

is PUBLICATIONS page 223 to 241, suitable organic buffers has been 
found- In respect of their pKa values we decided to use Na- 
acetate in the range 4 » 5,5, MIS at 6,0, MORS in the range 
~ 7.5, Na-barbiturate 8,0 - 8,5 and glycine in the range 
5.0 » io,5, 

20 Method; 

thm method is enzymatic degradation of carboKy-jsethyl- 
cellulose, at different pR's, Buffers are prepared in the range 
4,0 to 10.5 with intervals of 0,5 pK unit. The analyze is based 
on formation of new reducing ends < carhoxy-rethy I -cellulose, 
2S these are visualised by reaction with m&m in strong alkaline 
environment, were they forrss a yellow compound with absorption 
maximum at 410 nm, 





Buffer preparation; 0,2 mol of each buffer substance is 
30 weighed out and dissolved in 1 liter of Mil 11 Q water. 250 mi 
D.2H buffer solution and 200 ml Mill! O. water is nixed. The P H 
are measured using Radiometer PHM92 labmetsr calibrated using 
standard buffer solutions from Radiometer, The pH of the 
buffers are adjusted to actual pH using AM NaOH or 4M HC1 and 
35 adjusted to total 500 sal with water. When adjusting H&~ 

barbiturate to pH 8,0 there might be soma precipitation, this 
can be re -dissolved by heating to 50*C, 
Acetic acid 100% 0,2 mol - 12.01 f. 



In this example Humicola insolmis cellulase and vari- 




HES 0,2 mol « 39.04 g. 
HOPS 0.2 mol ~ 41.06 g. 
Ma-barMtujrate 0.2 mol ~ 41,24 g. 
Glycine 0 . 2mol » 15.01 9. 



pH: 4.0, 4.5, 5.0 & 5.5 Ma-acetate 0 - 1M 

pH: 6.0 ?-*a™£!£S o.iM 

pH; 6.5, 7.0 & 7.5 KaHMPS O.IM 

pm S.O & 8,S Ha~b&rhiturate O.IM 

pK: 9.0, 9.5, 10.0 & 10,5 Ha, glycine Q.1M 

The actual pH is measured in a series treated as the main 

values, font, without stop reagent, pH is measured after 20 min. 

incubation at 4 0 *C. 

2>0 q CMC , in 2S0 ml conic glass flask with a magnet rod, 
is moistened with 2,5 »l. 00% ethanoi, 100 »1. nil 11 Q water is 
added and then boiled to transparency on a heating magnetic 
stirrer. Approximately 2 »in» hailing. Cooled to room 
on magnetic stirrer. 



1.5 g PEBAH and S g K~Na~tartrate dissolved in 2% Ha OK , 

There are made 3 main values am! 2 blank value using 5 ml 
glass test tubes > {l main value for pH determination J 





Main values 


Blank value 


j Buffer 


1* 0 


1.0 ml. 


; Substrate CMC 


0,7 5 5 


0:75 mi. 




5 sec. 


5 sec. 


:c seat 






Ensyme 


0.25 mi. 




Mix 


5 sec. 




Incubation 


20 win. ' c 


room temp. 




1 ml. 


1 *1. 


Mix 


5 sec. 




Enzyme 




ml. 


Mix 




5 aee. 



Hiding on a Heidclph RSAX 2 000 mixer with permanent mis; 
and assxiaua speed (9) . No stirring during incubation on water 
bath with temperature control. Immediately after adding PHBMS- 
s reagent and mixing the samples are boiled 10 min. cooled in 
cold tap water for 5 sain. Ab&arbmm read at 410 ?«, 

Determination^^tlvit^ 

The absorbance at 4.10 nm from the 2 Main values are added 
10 and divided by 2 and the 2 Blank values are added and divided 
by 2, the 2 mean values are subtracted. The percentages are 
calculated by using the highest value as 100%. 

The measured pH is plotted against the relative activity. 

Acetic acid 100% from MERCK cat .no. 1.00063, batchno,. K2 092 8262- 
422, pKa 4.76, Wf 60.05; 

MES {2[H-Korphoiinc]ethanesulfonic Acid) from SIGMA cat, no > H~ 
8250, batchno, 68F-5625, pKa 6,09, dW 195.2; 
30 MOPS C3~CH-Horpholino]propasesuifonic Acid) free STOMA cat.no. 
mXZ$4 t batchno. lI5F~S6as, pKa 7. is, m 209.3; 
Ha~barbifnrate { 5 , 5-Diethy ItearMtur ic acid sodium salt) from 
MERCK cat.no. 6310, batchno. K2023301S 404, pKa 7.98, MW 
205,2; 

2S Glycine from MERCK cat. no. 4201, batchno, K205S35601 405, pKa 
9,78 f M>? 70.07; 

PHBAK (p- HYDROXY BENZOIC ACID HYDRA 3 IDE) from SIGMA 
cat.no,H~9S82. t batchno. S3M7704; 

K~Na~tartrate {Potassium sodium tartrate tetrabydrate) from 
30 MERCK cat.no. 8087, batchno. A6S338? 304; 

NaOK (Sodium hydroxyde) from MERCK cat, no- 1.06498, batchno. 
0394798 404; 

CMC (Car-boxy Methyl Cellulose; supplied by Hercules (FKC) 7LF 
(novemfoer 1989) . 

3& Cellulase resistance to anionic surfactants was measured 

as activity on PASC < phosphoric acid swollen cellulose) at neu- 
tral pH {pH 7.0) vs. activity on PASC at alkaline pH <pH 10.0), 



wo mimm 



01 



The reaction .mediae contained: 9 / 1 of a commercial regular 
powder detergent from the detergent jaanuf aeturer MOPA Denmark. 
The p« was adjusted to ph 7.0 and pH io» 0 f respectively, Fur- 
ther the reaction nedium included 0.5 g/l PhSC, and the reac™ 
s tion proceeded at the temperature 30°C for 30 minutes. Cello- 
lase was dosed at 0.20 S-CEVU/l. After the 30 minutes of incu- 
bation the reaction was stopped with 2 h haOH and the aaossnt of 
reducing sugar ends determined through reduction of p~ 
hydroxy-benzoic acid hydraside. The decrease in absorption of 
10 reduced p-divdrorybeuzoic acid hyd.raR.ide relates to the cellu- 
les© activity, 

BeuUltey 

The results are presented in the table below, the ac~ 
is tivity at pBlo relative to pH7 is compared to that of wild type 
Hwsticola insolens celieiasn. 



Variant 


PASC activity 
pHlC/pH? relative 
to wild t^pe 

m 


? * < 




Hwaicol a ins&l&ns / $7 , SX17& 


im 


- 1 129L 


133 


*>.. ; s i.*.s«o2«n»/R4B, A63R, B6H<, D67R 


120 


"unucoi-? V I s a OF 


115 


v -d * „ , - 


117 


Hums co I a i nsoi ens / A57C , A162C 


110 


f * . -d 


11? 


> 96E 


113 


da.e.i col a i nsoIens/Q36T , D67T , A & 3T 


13 1 


Hum! cola i naoIe.es/W6 2li 


112 


Bamicola 1 nsol ens/94 2V 


no 


v h ht -> < , A78K 


114 


r/umicoi a i nso 1 ens / 87 SK ... A 7 SR 


118 



W098M2387 



92 



Fross the above table it is seen that the relative alka- 
line activity can be increased by creating variants involving 
potentially charged residues and /or by altering residues in the 
binding cleft less that sA from the substrate . 
s Similarly the following table shows that the relative 

acidic activity can foe increased by other mutations involving 
potentially charged residues and /or by altering residues in the 
binding cleft less than sA from the substrata. 





PASC activity 




pH 1 0 /pH? reiat i ve 




to wild type 




[11 




100 


H , co i a insolens /B5QA 


83 


J >, , 


90 


tumicc is >r I \ 


S9 


h us?. .< co 1 a in&ol ens / 


85 


Humicola insolens/ x'SF 


82 




82 




84 


<'K1?SG 


81 


" v. 1 I ' >- 


82 


Husr.x col a i r:sol ens/YBF, m 04Q 


83 


Mumi col a i nsoi e« & / y s F , w 6 a E , R2 5 2 1. , v a 8 o F 


83 


, s iU.ft;.i coi a n so i ena / WS 2 L , Al 6 2F 


87 


u is i c ; - H t 


88 


v.- ; ,\ s i U HI 


90 


Bumi. coi a .j. n s o 1 e n s / 1 1 4 ?H 


90 


V <(i;r * v 


8S 


Hus; .?<:-■; a : or.- V. v: 


85 


.Huisicol^ 


89 




83 




80 




82 




82 
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87 


!.fusic - r S4SD 


86 


- 


83 




84 


1 > ^ 


90 


Hu»acr2 a i aso 1 a r;s / 1\ 1 ST 


90 




88 


8«s 1 col N > m 


SO 


; 


40 


#usd co.: ¥9 OF 


72 


«usn r t , - , • - " v> 


?a 


* - > ~ 

1BTXS/Q127B, XX31A, A162P, ¥38»F, R2S2L 


25 


*2usuoc.<i Y147S 


39 


?u i :<o.Usn»/ Y147F 


71 




44 


Hu.mi.cfOi a insolens/ S55S 


14 


2a i nsoleng /111 30 


3$ 


jltojaicola in*ol«iis /Ml 2 3¥ 


71 




78 


Mi col a u i 


5? 


.ffcsicola insoIems/Gi57S, ; 1 ! s << - 


52 


8 u 555 i co I a j nsoi e^s / 

W62E,C127S,I331A,A 1 S2P, Y2 8 0 F , R2 5 2 h 


35 


Uumicola insolens/mZE, GI27S, II3XA, M.62P 


m 


' < - : , - ; ^ 1 XI31& 


m 


Ssmicoia ; nc< lens 

W 6 2 K , G 1 2 7 S , 1 1 3 1 h , Y 2 8 0 F , R2 5 2 L 


SO 


! , j ^ , BU^o 


55 


> ? 62E 


61 


Uumxcoli *i , M62P 


76 


».r loi, ' . } 


SO 


Humicola - , " " " x , < I 


80 


Hum col a i jiso.2 sms / & 8 F , V x 4 ? s 




/s'uisi co 2 o i \ t« 2 x\" v / V i 4 7 P. 




Humicoi a inaol nnsj V 14 7V 


22 ~ S 



94 



. . ; 5 : " ; - ; - i :4 / C 


67 i 


Ho m i eoi a in s ol &ns / ¥ J 4 7 u 




, sr- - h' 15 41 


74 




79 


; . , > , 


70 


, s , ~ , - > ft 


j£$ 




53 


> >s 143*KGW,Q14SD 


S3 




42 


mm i ft . > ; n8Ql&ns/mSK 4 D67R, S7 6K 


60 


! 3S78: 


7 7 


ila.su cola in*olens/T93R 


BO 




70 


M17R,F3?OS 


58 


,'NX23<Q 


63 




m 


.Kami cola Insoleh«/K123A 


80 


Hu»i col a insoX«n« / E4 a D , P 4 9 * 


66 




61 


V j 


48 




54 




71 




58 


Haisi col a i ft . ft .1 e : ft' / K 2 3 B 


72 


s/R?L 


74 


m*acoi - ' ■ -.'Si" 


38 




37 


Wmicola 1 CSSG 


07 


h ft ft i co 1 a i ft s o i ft - - / K X 3 J 


59 


Humi col ft i nsc ; -.. ftft / C 1 ftl ; C4 70 


12 


?nft/W9f 


62 


Humicol i in& ns/C4?G 


58 


Hursj cola insol&ns f C12G * C47H 


0 


i-ru>jucu„ ; - ft 


0 


Humicoia inzolensfRm 


49 
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Accordingly, this e> ti?.\ 5 strates that the relative 
activity pH profile can be altered towards acidic or alkaline 
pH by creation of variants involving potentially charged resi- 
dues and/or by altering residues in the binding cleft less that 
5 5k from the substrate „ 

EXAMPLE 10 

W&sls performance of «ellul&»*» made reaistajst to anionic sur~ 

xo Application effect of a cellulasa made resistant to ani- 

onic surfactants vs. application effect of the native cellulasa 
was measured as v color clarification* of worn black cotton 
swatches laundered with eellulase in a 0,1 liter mini~Terg~o~ 
Mater. Laundering was done in varying concentrations of anionic 

is surfactant, 

The reaction medium contained phosphate buffer pH 7.0 and 
varying concentrations of LAS in the range 0.2-1.0 g/L. Two 
swatches were laundered at 4Cr"C for 30 minutes, rinsed and then 
dried > This laundering cycle was repeated four times. All en~ 

20 zymms was tested at each LAS concentration. 

Finally the black cotton swatches were graded against a 
standard of similar swatches washed with varying dosages of tie 
native ceilulase,, the fungal "43 kf> enda-p-X., 4~gi«caease from 
mmicola instclens t DSK XS00, (commercially available under the 

2$ tradename Caresyme®) , and the effect expressed in PSU (panel 
score units) » 



Variant 






LAS 


concent- 


ration 








0 - 2 


0,4 


0.6 


0.8 


1.0 






g/i 


g/i 


g/1 


g/1 




Hum i co la 


incolees 


15 


0 


0 


0 


0 


Hmicm® 


insolers/PlSSE 


30 


14 


30 




11 


Humi col a 


in&olens/lUSBS 


20 


IB 


20 


33 


3 8 



X. An ensyme variant comprising a catalytic core domain 
exhibiting celluioiytic activity, which variant is derived from 
a naturally occurring parental cellular by amino acid residue 
itution, insertion or deletion or any combination thereof.. 



- at position 5 (celluiase numbering) holds an alanine residue 
( A) , a serine residue (S) , or a threonine residue (T) ? 

10 ~ at position 8 {celluiase numbering) holds a phenylalanine 
residue (W) , or a tyrosine residue (Y) ? 

- at position 9 (celluiase numbering) holds a phenylalanine 
residue {¥} , a tryptophan residue (W) » <™ & tyrosine residue 

m * 

is ~ at position 10 (celluiase numbering) holds an aspartic acid 
residue (0) } and 

~ at position 121 (celluiase numbering) holds an aspartio acid 
residue <D) . 

20 2, The variant according to clans .1, which at position 119 

(celluiase numbering) holds an amino acid residue selected from 
the group consisting of histidine (K) , aspartio acid <D) , 
asparagine <N) , giutamine (Q) , arg.inine IB) , and phenylalanine 
(F) ; preferably from the group consisting of histldine (H) and 

25 aspartic acid {&) > 

3. The variant according to claim i or 2, which at position 6 
(celluiase numbering) holds an amino acid residue selected from 
the group consisting of threonine (T) and serine (S) - 

30 

4, The variant according to any of. the claims 1-2 , which at 
position ) (celluiase numbering) holds an amino acid residue 
selected from the group consisting of arginine (R) , leucine 
( L>, isoleucmo <l>, tryptophan <w> , and lysine (K) „ preferably 

35 from the group consisting of arginine (R) .. leucine (!) and 
i so leucine ( I ) » 
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S, A cellulase variant, which variant holds 4 or more of the 
following disulfide bridges; C11-C135? C12-C47? C1S-C86; C31~ 
C56; CS7-C199; CS9-C189; and C156-C167 (cellulase numbering). 

5 s. The cellulase variant according to cLsis* 5,, which variant 
holds 5 or more of the following disulfide bridges.- Cll-CXIB; 
C12-C47; C16-C86; C31-CS6; C87-C199; C83-C1B9? and CI 5S-CX67 
■!' cellulase numbering) . 

10 7 ' Th ® cellular variant according to claim s, which variant 
holds 6 or mors of the following disulfide bridges: C11-C135; 
C12-C47; C16-C86; C31-C56; es?~CX99; C89-C189; and C156-C16?' 
(cellulase numbering) . 



as 8, Tbe cellulase variant according to any of claims 5~?, in 
which variant, a cysteine residue has been replaced by a 
different natural amino acid residue at one or acre of the 
positions 16, 86* 87, 89, 189, and/or 199 (cellulase 
numbering) * 

9, The cellulase variant according to any of claims 5-7 
selected from the group consisting the following variants 
derived from Uumicoia Insol&ns endog.lucar.ase v { EG V } ; 
C12G/C47M, C47G, C87H/C199G and C16M/C86G. 

25 

10, A method of reducing the thermostability of a cellulase 
comprising removal, fey amino acid substitution, deletion or 
insertion, of one or more disulfide bridges selected from the 
group consisting of .CH-C135? C12-C47; C16-C8S? C31-C56; C87~ 

30 C199; C89~C18Sj and C156-C167 (cellulase numbering). 

11, A cellulase variant derived from a parental cellulase by 
substitution, insertion and/or deletion at one or more amino 
acid residues located in the substrate binding cleft at a 

35 position within an enzyme- substrate Interactive distance from 
the substrate. 



12. The eellulase variant according to claim XX, which variant 
has been derived from a parental eellulase by substitution, 
insertion and/or deletion at one or more a* a no acid residues 
located in the substrate binding cleft at a distance of not 

s xnore than 5 k from the substrate. 

13, The eellulase variant according to claim 12, which variant 
has been derived from a parental eellulase by substitution, 
insertion and tor deletion at one or more of the following 

10 positions: 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, ™> i8 ' 
19, 20, 21, 21a, 42, 44, 45, 47, 48, 49, 49a, 49b, ?4, 82, 
951, 110, I'll, 112, 113, 114, 113, US, 119 > 123 ' 127 < 

128, 129, 130, 131, 132, 132a, 133, 145, 146, 147, 148, 149, 
150b, 178, and/ or 179 (eellulase numbering) . 

IS 

14. The cellulase variant according to claim 12, which variant 
has been derived from a parental eellulase by substitution, 
insertion and/or deletion at one or tnore of the following 
positions 4, 5, 13, 14, IS, 16,. 19, 20, 21, 21a, 42, 44, 47, 

20 48, 49, 49a f 49b, 74, 82, 95j, 110, 111, 113. 115, 116, 1X9, 
123, 129, 131, 132a, 133, 145, 146, 150b, 178, and /or 179 
(cellulase numbering) < 

15. The cellulase variant according to claim 13 selected frost 
25 the croup consisting the following variants derived from 

Hnmicola insolens endogineanase V {EGV) ; T6S, R7I, K7W, V8F, 
mWt C12M/C470, W18V, W18F, S45T, S4M, DaHN, F132D, Y147D, 
V147C, Y147W, V147V, Y14.7E, X147C, Y1470, Y147S3, X147K, Y147H, 
Y147F and 7147S, 

30 

16. The cellulase variant according to claim 13 selected free 
the group consisting the following variants derived from Uumi- 
cola insolens endogiucanase v ( EG V ) - R4H, B4Q, KX3L, K13R, 
K i«m P14&, P14T, 515T, S15H, C16K/C86G, X19P, MST, A19G, 

3. M9S. K20G, D42Y, 042W, C47G, E4BD. E40Q, F48D/P4**, E4S»/P«*. 
SUM, L115X, G11SD, 1U19R, K119Q, H119F, H123A, N123H, N123Q, 
N123Y, B123D, V1.29L, D133H and D178N, 



17, The ceilulase variant according to claim 11, which variant 
has foessm derived from a parental ceilulase by substitution, 

5 insertion and/or deletion at one or snore amino acid residues 
located in the substrate binding cleft at a distance of not 
wore than 3 n trtm the substrate. 

18, The ceilulase variant according to claim 17, which variant. 
io has bean derived from a parental ceilulase by substitution, 

insertion and/ or delation at one or mora of the following 
positions: 6, 7, 8, 10, X2, 13, 14, 15, 13, 20, 21, 45, 48, 74, 
110, 111, 112 , 113, 114, US, 115, 121, 127, 128, 129, 120, 
131, 132, 132a, 146, 147, 148, 150b, 17S , and/or 179 (ceilulase 
is numbering) . 

19.. The cellniase variant according to claim 17, which variant 
has been derived from a parental ceilulase by substitution, 
insertion and/ or deletion at one or more of the following 
20 positions: 13, 14, IS, 20, 21, 48, 74, 210, 111, 113, 215, 11S-, 
129, 131, 146, 150b, 178, and/or 179 (ceilulase numbering) . 

2CK A ceilulase variant, in which variant an amino acid residue 
has been changed into a conserved amino acid residue at one or 
2S more positions according to Table 1, at which position (s) 
between 7 and 10 amino acid residues of the 11 residues 
identified in Table I, are identical. 

21. The ceilulase variant according to claim 20, which variant 
30 has been derived from a parental ceilulase by substitution, 
insertion and/or deletion at one or more of the following 
positions; 13, 14, IS, 20, 21, 22, 24, 28, 32, 34, 45, 48, 50, 
53, 54, 02, 63, 64, 65, 06, 08, 09, 70, 71, 72, 73, 74, 75, 79, 
85, 88, 90, 92, 0.3, 95, 96, 97, 98, 99, 164, 100, 110, 111, 
35 113, 115, 116, 118, 113, 131, 134, 138, 140, 146, 152, 153, 

268, 106, 169, 170, 171, 172, 173, 174, 174, 17?, 178,179, 180, 
193, 190, and/or 197 (ceilulase numbering). 
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22, A eellulase variant according to claim 21 comprising one or 
wore of the following mutations (ccllulass numbs* ing} t 

K13L or L13K) 
s P14A or M4P; 

S1SH or HISS ? 

K30£ f K20G, K28A, E20X, G20K, A20K, E29G, E2 OA G2SE, 
A20B, (32 OA, or A29G; 
K2IN or H21K> 
10 A22G, A22P., G22A, G22P r or P22G; 

V24*, V24L, *24V, 124V f *24L, or L24*,; 
V28A, V28L, A28V, L-28V, A28L, or L28A; 

N32D, *J32S, N32K, 0321*, S32N, K32N, D32S, 032K, S32D, 
K32D, S32K, or K32S; 
15 N34D or D34N; 

I38L, X3SF, I3BQ, L38I, F38X, Q38I, L38F, L38Q, F38L, 
Q3.8L, F38Q, or «30F; 
S45N or N45S; 
G46S or S46Gf 
a© E48D, B48M, D48E, K48F, D48K, or N4SD; 

G50N or N50G; 

AS3S, A53G, A53K, S53A, G53A, K53A f SS2G , S53K, G53S, 
K53S, G53K, or XS3G; 
¥54 F or F54YJ 
23 W62F or F62$*jf 

A63S or 063A; 

V64I, V64D, 1 64V, 064V, X64D, or 064 1; 

8650, N65E, S65N, D6&M, E65N, 865D., S65E, D65S, 
E65S, D65E, or E65D; 
30 D66N, B6SP, D66T, N66D, P66D, T6SD, N68P, P66M, 

T66H, P66T, or T66P; 

F68V, F68L, F68T, F68P # V68F, E8SF, P68F, V68L, 

V68T, V68P, L68¥ ( T68V, P68V, h&8? , L68E-, T6SL, P68L, 
T6SF-, or P68T; 
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mm, mm* T69A, or tsss? 

L?0¥ or ¥761,7 
G71A or A? IS? 

F72W, P72Y, m2F, V72F, W72Y., or X72W; 
5 A73G or 073 A; 

A74F or F74A; 

T7 5V, T75A, T75G, V75T, A?5T, G7ST, V75A, V7SG, A7 5V, 
G75V, A78G, or G7SA? 

g?9t or mmi 

10 mST or T85W| 

A88Q, A88G, A88R, Q88&, GS8A, R8SA, Q88G, Q88R, GSSQ> 
R88Q, G88R, or R88G? 

Y90for F90Y ; 

L92A ©r A92L; 
|S T93E, Q931, ES3T, Q93X, or E93&? 

1?95B or E95T? 

S96T or T96S; 

C97T, G97A, T97C, A97G, T97A, or A97T; 
P9SA or A9SF| 
20 V99L or L9SV; 

M104L Or L104K; 
VXOSF or FlOSVj- 
SI ION or Nil OS } 

Till I, Til IV, 1H1T, VI I IT, 111 IV, or Villi; 
25 G1I3Y or YI13G; 

Li 15V or VllSi,; 

G116S, G1160, SI 166, Q116G, S116Q, or Q116S; 
N118T, NIX8G, ItllftQ, TX18K, GI18H, Q2I8N, T118G, 
TX130., GUST, Q118T, G1.18Q, or Q118G; 
30 H119Q, HI19N, QX19K, or NllfH? 

V129L or L139V; 

X131L, X131A, 1.1311, A131I, L-3 31A, or A131L; 
G134A or A134G; 
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Q138B or F3.38Q; 
G14 0M or NI40G; 
RI4 6Q or QI46R; 
S152D or D152S; 

R153K, R153L f R253A, K153R, L1S3E, A153R, K153I., 
K1S3A, L153K, AX.53K, L.153.A, or A1S3L? 

1.163V, L3.63W, V163L, W163L, VHS3W, or W163V; 
GISSS or S.166G; 
W169F or F169W; 
R170F or F170R; 

F171Y, F17XA, Y17XF, A .17 IF, YI71A, or A17XY; 
D1728, DX72S, E172D, ST72D, E172S ? or S172F; 
W173E or E173W; 

F174M, F174W, MX74F, W174F, HX74W, or W174H? 

A177N or N177A; 

D178P or PX78D? 

N17SV or V179N; 

P180L or LI BOP; 

L193X or XIS3L? 

R196X, 81$ SK, K196B, X196K, or K196X; and /or 

T197S or S197T. 

23 v A ceiiulaso variant, which variant has been derived from a 
parental celXulase by substitution, insertion and/or deletion 
at one or snore of the following positions {cellulase 
numbering}, arid which variant; 

in position 4 holds R, H, K, <3 ; v, Y , or M; 

in position 5 holds s, T, or A; 

in position i3 holds K , or l<; 

in position 14 hoido P, or h; 

in position 15 holds H, or S? 

in position 16 holds C, or A; 

in position 19 holds A , D, S, P, T , or B; 



its position 


20 


holds 


A 


s v 


G, 


or 




in position 


21 


holds 


K 


or 


Nj 






in position 


21a holds ^ 


* or 


* j 






in position 


22 


holds 


h 


G, 


or 


s>; 




in position 


24 


holds 


L, 


1?, 


or 


*? 




in position 


M 


holds 


& f 


tit 


or 






in position 




holds 


D 


Ki 


N 


or 


S; 


in position 


34 


holds 


D 


or 






in position 


38 


holds 


f 


I, 


1.., 


or 


a? 


in position 


42 


holds 


D 


G, 


T, 




S, 


in position 


44 


holds 


M 


v, 








in position 


4S 


holds 


M 


br 








in position 


4f> 


holds 




or 


s; 






in position 


47: 


holds 


€ 


or 


Si 






in position 


m 


holds 


is 






or 




in position 


4S 


holds 


p 








or 


in position 


49 


* holds C f or * 







in position 49b holds N, or *; 





in position 


50 


holds 


G, 


or 


N? 




20 


in position 


53 


holds 


A, 


G f 


K t 


or 




in position 




holds 


P* 


or 


tt 






in position 


62 


holds 


F ? 


or 


Hf 






in position 


63 


holds 


%, 


or 








in position 


&4 


holds 


6, 




or 


V? 


25 


In position 


m 


holds 


® f 


i, 


% 


or 




in position 


«8 


holds 


D f 






or 




in posit. ion 


69 


holds 






or 


% 




in position 


70 


holds 


h, 


or 








in position 


71 


holds 


A, 


or 


S; 






in position 


72 


holds 


F, 


W f 


or 






in position 


73 


holds 


A, 




<Sf 






in position 


14 


holds 


hi 




F; 






in position 


75 


holds 


A, 


6 , 


T, 


or 
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in 


position 


79 


holds C, 


or T ; 






in 


position 


83 


holds E, 


or */ 






irs 


position 


88 


holds A ( 


®, % 


or 




in 


position 


90 


holds W t 


or Y? 






in 


position 


S3 


holds A, 


or L; 






in 


position 




holds B, 


Q f or 


T; 




in 


position 




holds t f 


or f ? 






m 


position 


'35 j holds P 


or 






in 


position 


m 


holds n f 


or T; 






in 


position 




holds a. 


G , t or 


2>i 




in 


position 


BB 


holds Aj, 


or P; 






in 


position 


m 


holds L f 


or V; 






in 


position 


tm 


holds I, 


or Mj 






m 


position 


106 


holds P 


or V; 






in 


position 


1210 


holds H 


or S ; 






in 


position 


111 


holds I 


T f or 






in 


position 


xm 


holds 0, 


or 






in 


position 




holds L 


or V; 






in 


position 




holds G, 


Q.< or 


8$ 




.£» 


position 


us 


holds G, 


Q, 


or 


T 


in 


position 


119 


holds H, 


U or 






in 


position 


12$ 


holds L, 


or V; 






m 


position 


131 


holds A f 


1 1 or 


M 




in 


position 


132 


holds i, 


or 






in 


position 


133 


holds D, 


K ; N, 


or o. 


in 


position 


134 


holds A, 


or G; 






In 


position 


138 


holds E> 


or Q } 






.in 


position 


145 


holds A, 


D,. M, 


or 




In 


position 


146 


holds Q s 


or P; 






in 


position 


15.0b holds / 


or * 






in 


position 


152 


holds D f 


or Bj 








position 


153 


holds a, 


K, L, 


or 


R 


in 


position 


163 


holds h t 


V , or 


W; 





wo mmm 



105 



in 


position 


166 


holds 


G, 


or 


s? 




in 


position 


169 


holds 


w f 


or 


W; 




in 


position 


170 


holds 


F, 


or 


R? 




in 


position 


171 


holds 


A t 


F, 


or 


¥ 


xn 


position 


172 


holds 






or 




in 


position 


173 


holds 


E, 


or 


Vtt 




in 


position 


274 


holds 


F, 




or 


W, 


in 


position 


177 


holds 


A, 


or 


W$ 




In 


position 


178 


holds 


8, 


or 


&£■ 




in 


position 


179 


holds 




or 


v*; 




in 


position 


X8U 


holds 


L, 


or 






in 


position 


193 


holds 


X, 


or 


L? 




in 


position 


196 


holds 




I& 


or 




ih 


position 


197 


holds 


s, 


or 


7, 





15 

24 v & celiuiase variant having an altered anion tensids 
•sensitivity, and which variant is from a parental eelluiase fey 
substitution, insertion and/or deletion at one or more of the 
fol.iow.ixng positions- J 2, 4, 7, 8, 10, .13, 15, 19, 20., 21, 25, 

20 26, 29, 32, 33, 34, 35, 37, 40, 42, 42a, 43, 44, 48, 53, 54, 

55, 58, 59, 63, 64, 65, 66, 67, 70, 72, 76, 79, 80, 82, 64, 86, 
86, 90, 91, 93, 95, 95d, 9Sh, 95 j , 97, 100, 101, 102, 103, .113, 
114, 117, 119, 121, X33, 136, 137, 138, 139, 140a, 141, 143a, 
145, 146, 147, X50e, 150 j, 151, 152, 153, 154, 1SS, 156, 157,. 

25 158, ISO, 160c, 160*3, 160k, 161, 162 f 164, 165, 168, 170, 171, 
172, 173, 175, 176, 178, 181, 183, 184, 185, 186, .1.86, 191, 
192, 195, 196, 200, and/or 201 (celiuiase numbering) . 



25, A cellulasse variant, in which variant an amino acid residue 
.30 has been substituted at one or more of the following positions; 

17, SS, SO 87, 88, and/or S3 (celiuiase numbering} „ 

26. & Mumicol® ihsol&ns eg? variant, in which one or more of 
the following mirations have been introduced; D42W, D42Y, or 

3s L707, 
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27. A Thislavia terrvstris eeliulase variant, in which variant 
one or more of the following mutations have been introduced: 
P19A, G20K, Q44K, N48B, Q119H or Q146 

S 

28. The TMeiavia terrestris/Qli&H variant, 

29. A P&eudomonas i'luorescBns eeliulase variant, in which 
variant one or more of the following mutations haw : k&m 

10 introduced; lf4R» HISS, or Q146R. 

30. A CzlxiipBllis: svabella. ceXlttla.s« variant, its which one or 
more of the following Taut at ions have been introduced: V4R, 
T132a*, Q133D or Q146R. 

IS 

31:. ft method for improving the properties of a ceiluloiyf le- 
«n&ytae by amino acid substitution, deletion or insertion, the 
metho ! t - s i 

a. constructing a multiple aXig«»**$t of at least two amino acid 
sequences known to have three-dimensional structures similar to 
endoglncanase V { EGV } from Bumic&la insolens known from Protein 
Data Bank entry <l EKG j 

b. constructing a hosoiogy-buiit three-dimensional structure of 
the eeliuioiytic enzyme based on the structure of the KGV? 

c. identifying amino acid residue positions present in a 
distance from the substrate; binding cleft of not more than si? 

h\ identifying surf ace-exposed amino acid residues of the 
enzyme,; 

e, identifying ail charged or potentially charged amino acid 
residue positions of the ensy.me; 



10? 



f* choosing one or more positions wherein the amino acid 
residue is to be substituted, deleted or where art insertion is 
to be provided; 

g. carrying out the substition,. deletion or insertion by using 
conventional protein engineering techniques. 

32. The method according to claim 31 , wherein step f . is 
carried out by choosing positions which, as a result of the 
alignment of step a., carry the sane amino acid residue in a 
majority of the aligned sequences, preferably in at least 63% 
of the aligned sequences, 

33, The method according to claim 32,. wherein step f is carried 
out by choosing positions which, in the aligned sequences, 
carries different amino acid residues. 

34, A method of improving the specific activity of a naturally 
occurring parental cellulase toy carrying out a substition* 
delation or insertion at amino acid residue positions present 
in a distance from the substrate binding cleft of not more than 
5A, more preferably not mor& tnab 3A, even more preferably not. 
more than 2.5,4, 

35. h method of altering the pH activity profile, the pH 
activity optimum, the pH stability profile, or the pH stability 
optimum of a naturally occurring parental eelluiase by altering 
the electrostatic environment either locally or globally by 
carrying out a substition, deletion or insertion at amino acid 
residue positions present either in a distance from the 
substrate binding cleft of not more than 5A, more preferably 
not more than si, even more preferably not more than 2,5k or at 
surface-exposed amino acid residue positions of the enzyme; 
preferably by a substitution involving a charged or potentially 
charged residue, this residue either being the original res Idee 
or the replacement residue. 



ids 

36, A method of altering the stability of a naturally occurs 
parental cellules© in the presence of an anionic tens id© or 
anionic detergent component by altering the electrostatic 
environment either locally or globally by carrying out a 
sutestition, deletion or insertion at one or store surface- 
exposed amino acid residue positions of the enzyme. 
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group of inventions linked by one or more of the same or corresponding Acecsal technical 
features" i.e. features that Oetke a contribution which each of the inventions makes over prior 
art. 

A search for this '"special technical feature'' mentioned in PCT Rule 13 2 among the inde- 
pendent claims did not reveal such a unifying novel technical feature 

it is not clear from the claims or the description which the special technical features are except 
for the method of claim 3 I Accordingly it is suggested that the apphauon consists of the 
following inventions 

I Claims M, 23 and 25-34 

directed to a method of improving the properties of a celhAriyric emtvtne and vaoants of 
the enzyme. The indefinite claim one is directed to mutate a speci&i group of parent 
celluiases to get new eeiiulases with improved washing properties In view of that it rs 
s < » > < ^ eilulaves to get ' n N t - 

This cannot fee considered to be a special technical feature that makes a contribution 
er prior an 1 a the ret r s ! g unity at 

invention the inventive feature seems to consis r mens 

y.'vmv m \ iv . — 0 Am. oe ^ u o k A ''at M^amthe 
substrate deft of not more than 5 A Some of these amino acids should then be substituted 
or deleted. 

H Claims 540 

directed to ceihdase variants holding disulfide bridges 

ffi Clims 20-22 

directed to eellulsse \ 

tc,^ cccuvul i;i s ^ v v -• inmme antnv 

acid sequences of table ? 

IV Claim 24 

directed to ceiiuiase variants having an altered amon tenside sonsmvay 

V Claim 25 

dnec* o v. v. v. ' e * ^ < ' t < <. > - 

the following positions; 17, S3, 86, So 88 and 89 

VI Claim 35 

directed to a method of ahermg. the pB activity profile 
VI! Claim 3d 

directed to a method of altering the stability of a ceiiuiase. 

* i ' r s *- v \ ^ f n ^ 1 >se s 

additional inventions 
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